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[ana] -r^xuRN m&Tcomm. 

7 . Kite**)** < k fc HW t > vf y y r-f X-T h * 

na, mmmi^DNAizx-oxmmmm^tircwmm 
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«W(=£trKy^7'f-F£3-F^Sv>>XWRNSie 

[ffl;£JS3 ] 1 fa^nstSSE^JSrHSW 

I If 3 1 - 3 <7)V vfftA* l JSfcfM^jfi 

iE^«0^=5r< t 7'U ^ X-tS* y :f * ? 

immmsi i**fli~3«!Dv>-«ii)»iJafc:ffitt<»5ji 

[i**JB6] M*S5iBtt<0ffl«i*DNAt:J:-5T 

i msm 7 ] mas. 6 teffio^««Ea«c*^* l , n 
c w*3a 9 1 hs^ii 8 sxt<7># y ^rf - h- 1 mmmz 

RJC-f-S * y 7 n— rvt-fitfl; . 

[ i o 3 if^JS 8 E«tf>* 'J f - h t ftfiW 

[ ilW&B 1 1 ] m& 8 iei£<7);K 'J ^rf - K X'fiM £ 
tiOW^nt, M^9aea«0*y?n-*/HK*S' 

[ismif i 2 ] isa<iM4ieiK<7)?r y rf* 9 vm- ft 
[ mourn 1 3 1 m$m s nm^x y ^rf- h , & v» 

#11 9 fEf&^t y 7 n — ^;H]t^X«iif 5)<il 1 0 IBttO 
4?'J?o-t;W^tf, ^x/P-*--SE^i*<0tfc{ii • 
f£6Brffl*-yr-. 

[ m&m 1 4 3 mm 1 ~ 3 *>v vf*u&» 1 JHtiatto 
[00013 

[00 023 



[000 3 3 t>I^T\ fx^tHfMltiW 

a* 1 ^> <mm&m<7)tiws® wt^x m l < « < «r -5 

TV^S^t^^HWtJn^nTV^ (Richard G.A. Far 
agher et al.. Proc. Natl. Acad. Sci .USA. Vol .90,ppl203 
0-12034(1993)). Ztl ^commit, ^x^-ffl^ffifSr 

[00 04 3 ^T. ^x/^-Se^Sr^n-^^^ 
■ts i k t J: y , Kite? t ae^JftK^iife^^B^ 

ix^-li, b h&5fcc0i>c0fr'ftlkixTV>-g> (Science, 272, 
258-262, 1996). L*»L. ^<ffc»±b McRB^tlS t»t 

[00053 

[ fHB**)W^ Li a i: tlWx 
[00063 

*CORNA*>^V>X^x;^-Ji^ (7WWRN 

trjtiofc. -ttch-h. *^bji(±. ie?ij§^2t-^ 

Kt5-?^XWRNa(5fT'J>S. A^SjtfeT-t LT 

a, P>j^.t«e^j#^i xii3X'mzix&t&min£m'g 
mz^tsh cot>m? hKh, 
[00073 zzx\ rmmmzi tiz. *?m<F>xv 

•5, *Jt. *^0Hcr)V'>y.WRN3tf5T* { *%BJ!c7)*ry 

f-r-'tc-fettLSrsysiiwj. x»43Kafe ; F<o«»E 

Wt^afe. Sia, WHO. t T i J: vi£ 

[00083 fle->T s «Jt{fiS?iJ#-f-2T^Sixl.r 5 
yBgfS?iJomiSBoyf-^r:> (Met)*^*tT^I> 
tO^rffe , w«r 5 yKffi^iJW^-fttc J: 
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x <r>&m%h h— y y & 3- htmmfc 
^ co^^r < 1 1> -ss b ' vf 7 y x-t & * y ^5 ? u 

WRN31&TS:*tf*ffl(li*DNATft6. Sfcfc. * 
«fflj^i*DNAfcJ:oT»mE«S<ifc» 
HWIItt-C**. 

& * y ^r* h - 1 £^mk y 

[00 11] *«HBtt. W&Ky^r^Fk«r 

sw^RjtE^-a * y ? n-^wstfrxtt*' y ? p- ^ 
[0012] s *»UM4* Buia^- y 

^/^ p-^;Mffi*Xtt#y ? p-^Hfift fc-^tf ^ x 
[0013] $ ^%m$. KT£v^XWRN5te 
X. Xtt^^XWRNagTO«3H^^*±#X«T 

[00 14] 

(v^x wrn»2^) «l EW*^2-c«3ft.*r$y 
Sfflo^y^r^Hii. 132 ^-rid^. r^ys^ 

v^X^feffc|£8#<7)8A4 tffl^iifcjOTIBSil 

-kLTflR5ELXV^nrifittS:H^*>CLfc (B4A). 
fli. Zoo BlotfcJ:6)SWftt«J:0. v^x WRNfif^ 
Bh ^ffl^fciO^P--y^S^fc35™-C* 
[0015] v>xwrn 



■5 ^aLTV^*>*a^ ^ffl* (Multi-Tissue) 
fyyny MWflg* (125 ) V^XWRN jtg^ 

imawi*fc*5v^Tai<»aL. mn ml bib 

[0016] tLbco»S*S:S^& k . v^>XWRN m& 
■£*«.TJtttttft<«#Sh (04 BK 

tikzbfrh (H5) . **w«*a»fi«tt<aiH»te 
t&ynmt tzumv h h b mz N ^ coite^o 

[0017] *^B^v^XWRN afe^«. WitfJST 

0 J: 3 L X LMft^t hZb ifiT £ h . 

1 . WRNae^^n-ny^ 

V^7X WRNSfe^ii:. Long-distance (LD) PCRffi&t>' S 
uppression PCRffiCO 2 O^JKStC^l vC RACE (Rapid 
Amplification of cDNA Ends; Frohman, M. A.et al.,Me 
thods Enzyrao 1 . Vol . 218, pp340~358(1993) ) £ft o Z b 
\,z£y)'&hZbtfX*h. ttfr*>. WRNiB&F 

^^DNABt^T(5' *SgSr*'T&DNABrn'S:*tf) 
T*->TBE^*^DNAK^t/3' 

d n ARfr-c* otpiw d n AmKzmm t . 

Zt>{Z. ZtltiCODN Amfrnm^lZX*) . ^±M:COcD 

[0 0 18] SM^cDNA^n^ 
Mi-tfrlil^'/b (Marathon^ cDNA Amplif 
ication Kit;CLONETECH tt) $:Wl\*Xft5 Z btfX'% 
cDNA^^n-zy^lS^TKf, 
[0019] 4-*\ 7^Xi*^t hWRN «f^f- k^ 
a i?~<7>n\ ^3Mm itth D N ABtK- ( c D N 
A8fi)V) 2r«*i^-S.o d^^cDNABff>V(i. EWii 

**aT* I) 3&*V>X»*X«IWI4 *^ P oly (A) +RNA ^ 
fifflV^cDNAJML, RT-PCR(wiO«B^cDN 

ABr^^HR^i (01 (1). . 
ixfcgP^c D N A»fr<0E59Sr«5SLfc«. K»^c D 
N ABTfrcOE^iJ ?r»z 4 ffiH^Wt&fWRWr 5 >f 
(GSP) &fflt+* (5'GSPK 5'GSP2. 3'GSPm^3'GSP 
2) o GSP SKSB^cDNAEyiJiOtS'ffla^' 
Hlco««Kflqfet6D N ABfft-^E5936**fflT*& t>co 
*JWB-tSfc«>fc:ie«i:Sft&r5>fv-'Cft&» GSP 
*>EMML 3SMc DNAS»^Kt:Mt^u 
k . -t^E9»Jii^t^«t- «t 0 k 
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&. *»BHTtt. SKIB»cDNAJ:0fc5'«kO*«E 
W«rflMB-r&IRfcfi^i-&GSP £5'GSPiat/5'GSP2i: 
U S»iB*cDNAj:0t>3 , «co*»iE?iJS:iWi-r& 
IR^ffiffl-T&GSP Sr3'GSPiat/3'GSP22:i-& (01(1) 

[00 20] cDNAiH 5' WAV 3' 

Kcov>^}|*. BKK)4*«cDNA a 

ONETECH It^OcDNA Ready™) £JflHfi£ fcj&fCS*. <I 

AKfroSJiCttT^r * -BWaHMn s *vo * t . * 
( 7^77-7*7^- (ap) ki^d) arxiJiEGsp s 

fl|***3eiK0 c D N ABrtf-cttaiBRJE ( LD PCR) £ 2 0ft 

[00 21 ] HI (2) 0>RJfrCli, £*fAPl a 

t/5'GSPl£flJlvCPCR =MtV\ »iilfc»frt«fflfc L 

t\ »:<±b(hbapi atffi'GSPi^Biotrta^ac 

}\A7WAXth^)L #V S 6 7°? 4 V- (AP2&W 
GSP2) SrffiWCPCR £fr 0 (nested PCR) „ 01(3) Rlf 
(4) ^RJBKov^"CfcH«T*6. fit, 01(3) 
j£>t3fflv^5 , GSP3^ov^T(i. Hi (2) cr>BU£rc%t>ti 

[0022] *«W«4. Sfcfrc DNASffM* (KM»* 
{£M^£DNA$t^£5'-RACE-1 ffiftat/5' -RACE-2 * 

% <**i**u 01 (2) . (3) ^ratawcft*) t 

U TafcfflaK-iDNABrM-^'-RACE Mft (01 

(4) <0K*SMft) Jl^& 0 

[00 23]^, AP(4T^r^-^tB*Sg^|5|tBe 

aomwctt. aerwuwr^ v-(gsp) *>*><o* 

(dfl£ Suppression PCR^V^d) . 
[0024]^:, fluf^OJ: 3 KLTftMufeS'-RACE- 

i mm. 5'-race-2 mm. ^cdnai^^t-rac 

SHl^r-byrUJl. (cDNA Ready™ ; CLONETEC 

H ft) <?)KBJ»ce!oTfi : dct3^T'S&. ^js*. 

5'- St/ 3'-Sffi£^t^£J^0 cDNA m%hflh (0 
1(5)). 

[00 25] ftfeil*: c D N AcOffiSE?'J<7>ife£tes Ha 
ttori [Electrophoresis 13, 560-565 (1992)] fci 
OiBttSfut PCRSr^-x^L^^ctO^Oo ^ 
Perkin ElmertttJcom*^ 7 s :** v*- 5 
£r^3tt& PRISM Sequenceing KitSrffioTRJES: 
Applied Biosystem ftM?)^— h ?X>-+r— 
ftf/I< ABI 373) T*«EJ!I£R*)R>K HMO Mac 



intoshny e^-^-tcJ: O-r-^Sflrfcfr o • 
[0026]^, HUlES'-RACE-l Mft, 5'-RACE-2 M 
ft. SftcDNABr^aiW'-RACEBJIrtcov^Tfciami 

[0027] wrew^fiifcjesii* i: . 

«U:/7^^»^PCRCJ;ot, ftftV^iiK 

fiSE^J^^r-rsDNABf^ro-rfc LX'sj 

[0 028] ffi?iJ#^18^5'-RACE-l Sft. EW#<M9 
(;:5'-RACE-2 Mft. EW#*M7fchMHN afi^i:** 
o a ^Sfcft c D N Aifffr. iE^J#-^20tl3' -RACE 

ffift. m/izEMtt i at/ 3 nwRN5ifi^^«aiE3«j 

^*fitfi«oO«fclRftSii*fc^T*ift<. Kite. » 

a> fist ft**^fcioT*<o«aaewfe*»t*A 

^H^Affi (WitfaSJftttOTAKARA LA PCR in vit 
ro Mutagenesis kitSrfljVtf^fffi) OfffcfL*. 
[0029] II. BAC DNA SrfflV^fcDual-color FISH M 

^il^cDNA^#OBAC DNA g-fflV^Dual-color FIS 

h mmmhttho 

[0030] FISH (Fluorescence in situ hybridizatio 

[0031] *a*i«(ia^Jitiii): fc 

S&c V^XEtt^W(EmbrionicStem*BBa ; WTES*ffl 

uatv^) h^rm^y (pha)-c^mlt 

<7)S*ii. Kat/SSC (Standard Saline Cit 

rate; 0.15M NaCl,0.015M Sodium Citrate (pH 7.0)] 
(CctO^ltS^o iX^. if ^ ?~ >X\± t ^f - y 
TmmLtz VMTu-7t:BU5Zlt6b* -^SH DNA 

iKiSzf* is y~ y mfaxte fi ic-mmr b" ^ y ^ if -c« 
JltT^*Sii^^h, dna 

U^cn^^^jvb LX&&z.t h o 

[0 0 3 2] III. cDNA ?o-y<7)ft?flT 

(l) ^if>yn^ hizXhMffi 
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[0033] if, DNA RtffcTtfn-* • y;KZ>*« 

7^:M-taWtft. *<0IS** 'vfX'Ji^XUfcDN 

»(nt:HR) . 7T$V-coft&zft:ft\&Zbtf?Z 
h 0 ?U-7b LTtt. 1lie%£ft cDNA C0^< fc fc 

[0034] (2) /-^XnvM^l&jBtlr 
y-fyyn«y b fcU\ RNA^^<^+^^<^RNA 

[00 35] «Bax{iffl^^oRNA coaajtt, 

fgTRNA r^n-x^««at»fc: J: 0 . 

rna tiMxoavvcawu r/^uatxatij:*?* 

<Mz^ RNA^r^bn-tr/l/n-x ■ 7>m^- 
* C # U ( 3 2 P ) T* 5 ^ ; 1/ L fc c DN AT n - X i: n A X V X 

[0036] ZcD^mzJ: 0 . Tn-X£ffl^£cDNA<0 

£ 0 rn-Xfc LTJi. #R(£Marathon cDNA Kit 
V^Tt#^iX^^:*cDNA^-gB-C*i)^3'-UT (278 b P )# 

[oo 37] iv. mmmfanim 

tm^mz-Wv n a £fmt h mzm^tzmt^r ? - 
frm-erf- zm^wzmxth ztizx*) n^tit . mi 

Siifcii&f*. aS*^?*-DNA ^MR8BBR»fflX 

aw*. 

[0038] mmft*ft\^&tzfr^7?~\)Ml^ 

Xifs X7XSKDNA. 7r-^'DNA *a*aWf6*lS. 
77X5 FDNAh LTti. ^Ji.(f7°7X5 K pUC118(^ 
jBiittS!) . PUC119 (SffijtttSJ) , pBluescript SK+ 
(StratageneftMh pGEM-T(Promegaiti^) 9&&tft> 
tl. 7r-^'DNA bLXte, 0RfcfM13m P 18 . M13m P 19 



[0039] m±t Lxn. Bmb-t&m&ttimv 
z&itcoxhtiimwmztvf. mmmmfWMm 
mcD^rtiZi>m^hzk&x'£$>> mm* ±mm 

(Escherichia coli) „ rt*h)\sX - XXf*U X(Bacillu 
s subtilis) *fcr>mm. t^nHX • ^l/t"yX(S 
accharomyces cerevisiae)^0g|fi: s COSfflE CH 

[0040] ±mmmcommim±t ixm^hms 

xhztmmz, rnt-^-, *»dna, 
&&miz&tsmf&Tfoz>zktfmb\\ mitt. * 

WMb LT(iXLl-Blue (StratageneftSg) . JM109(SS 

pmrp2mm?i>ii& 0 rxj^-^-tLxit, ±mm 
%fcr>m±tpx%mxz h kcvxhtia^tizm^x t 

iv^o Mitf. trp 7°n^-?-. lac rn^e-^-. 
P L To*-*-. P R 7nt-^-5ri:^«I^7 
r ^^^S*^l)7 e n^-^^^fflv^ix^ 0 

[004 1 ] #«BH"C«. »WE8M4. Hanahan 
[Techniques for Transformation of E. coli I 
n DNA Cloning, vol.1, Glover, D.M. (ed. ) PP 109-136, 
IRLPress (1985)) fcj: Ofi 1 3 «I fc^S ^> . 

[0042] g»£fg±fc LTfl§l*S*£{±, 
^-fcLT. M^ifYE P 13 . X(bWlfifinftft>tli>. 7° 
n^-^-hUll Wtifgal 1 7°n^-?^ gal 

j£ (Methods. Enzymol., 194, 182-187 (1990)). A7xO 
7° 7 X h & ( Proc .Natl. Acad. Sci .USA, 84, 1929-1933 (19 
78)). ii'JfWft ( J. Bacteriol., 153, 163-168(198 

3)) mmfi>tiz>« 

[0043] mmmmzmikb txm^&m^t. m% 

^??-b LTWilfpcDNAK pcDNAl/Amp (>fyt>P 

[0044] ^.^^-DNA b LT7°7X5 F DNASrffl^ 
^J^-tf EcoRI DNA§rJV£fliAf SR. 7°7X$ 
HDNASrMRaW EcoRI (NEB #») tfflt^MU 
i5<o iJcv^T. DNABrfrkflJBrSixfc^^-DNAfcSS 

[0045] ±mm&tmcox 9 v-~>m. mi 

mtmzm-jwz 5' x7^v-(fp>^«l. 
t\ ffl^HDNA co^mmuzm^^tz y 7°^ a 

(RP) £3-j£U Clix^^7 0 7^ Srffll^PCR 
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[0046] V. mix^tfa—Vf&tfVL 

y ^.r ^- f *£mtz> zbtfx-z&< imfrmz, MtiS 
commmmx-h^tK mw&mmz&m-f&z t# 

coo47] &m&m*mmt&tmt txu. mt 

KifiWKJ: 0«KK». tfi&IWL 5 y^taffl36 

J^W««l<0pHli7.2-~7.4 (£Mnt. «iR±a«3fr-3 
8°C, fftL<<±3rCt5^T14-20^ra, il5Ut#tg 

[0048] tsmfe7&^ 1331ft J: 0*f6W<O^U 17 

[0049] ±ie«^ y ^rf - Kjgffi*» i&KU 

»?a?h/77<- 1 BL^c/vF?''?? -f— % ^ 

[00 50] VI. ty?a-t;HJi(t«of3! 
*3MH0)V ^ x WRN jgfs^ ** n - h'-t & * 'J ^7°^- F \z 

[ o o 5 1 ] (i) ixmcomm 

msZcoUm (IV) £J:yf#^ix^;Ky^rf-F£|g«?# 
IcJgJUU ^X'T^sLJ^yhima-tl. T'Jj-jO 
btlXii. im.0>yn4 yhSteTVarfyh* 7n 

tlcohcr>t:U^LXtX^\ 

[ o o 5 2 ] (2) fm&vmftmfmmnmi 
±iBwi o t Lxn^titifkmKzmiwm. mta? 

WlESfcO, 10-500 AtgfflV^. &g${i{±, ±tL 

«iw:iw&s:h.-r, &nfrt>?mamkx\ mL<it 

[00 53] fiW$«0^B*^2-7B^ if* L<{± 



[ 0 0 5 4 ] (3) ffl®.m.£ 

m#m$mmtM-&Zit&$tt--?ffli&t lx. v> 

<fc®T"<iSiR&*t(HAT*gifi : b.-K^yf-y, rsyr 
f'jy. f-5y£*tr> ttft&feffl&i: 

U\ Sxn-vfflfl&Oftttflli: LTti, P3U-1 (AH 
. P3x63Ag8.653&f<7)-?'7X$xn--<'iffl 

[0055] ±tesxn-^«kffifrjg£« 

M. RPM1-1640 SftWiftWgilSllt+t- 10 s 
fflM/n\COmfom$mWt 2 Xl0 5 «/nl<7)$Xn- 
v« t * L . M-^aKBSfctf) fc i: -C-H^ 

[0056] *fflMt^S:ffi3i$-ti:-5.3t!6Wi. 
SI, 500^ F V xf -/M££f£ffl-3" 

Waii 5xn--7*fflMt 5rH-&S-tt-|. Z k t> "C* 
S. 

[0057] (4) /W 7 'J F-^tfOSitHaV ^D-^.>- 

y 

fflMmsmmmcofflMfr h a wt -r 7 y f-v * 

ieiUJf-irW RPMI-1640JS*&fc'T'jlS£#ffii£, v-f 7 
o^-f ^-71/- F±tC S-lOfflBa/^i^FSJg* & . 

i4aHu^*->^wuT<*aBflas-^W7*y F-vt lt 

[ 0 0 5 8 ] WmLX t^vf 7'U F-VW^HijS* 

t. gMk-t&VLfotffttEt&frm^x? v-->r 

■ft. M^'J F--?cox^U-xy^"ti, a»<0*a 

-•7t UT^Wt^^xMc^^n&JSHijfcO-aBS- 
*J*L. ^^^feSiilS^ (EI A; enzyiie immuno assa 
y) , RIA(radio immuno assay) ^izX -yXfr? Z kifi 

>f yy F-vSrfflA-4-S. 
[0059] (5) ^7? o— 7-;Hit*^BX 
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10%^ isMbmmtt RPMI-1640igtfi. MEM t^ffiXii* 

(mmsrc, 5%ca 2 mm xio^unmizmt. 

[0060] $xn-?Ii[lj* 
5 xlo^&^U yy K--?^*CctS5IS-tJr 

[006 1 ] nmfc<r>m3>mzii\^X . ttftofftS! 
# { <.£gk£:ft.£i§-&{i. R£ig#Ti£, ^^Bly'nv 

;l?n-7h/57<-^r k«&*no;<> i£ SriiS KjgiR L 
[ 0 0 6 2 ] VII . tfV 9 u—tiVWmtm 

(i) mk^wm 

[0063] (2) M 

Wftk kT«, }ffl&, t/R7h, h-y 

i!^100^g*^500x/g ^ , J^7fHi&7D'f> 

h^Tya/o h 1 1 tt&Taift?.. zaiaatc 

ML. ^^»7-jIiaat5J:0»«-»ttL-CEIAffi 
V tfiif L . fi[*«**fittfU/«SW flaw 0 £ 

Hs^JS (V) -ca^Jt^rffi^SfflTS 5 . 
[ 0 0 6 4 ] VIII. V7XWRN ae j PS.t>*-?-C0)ifE^* s 

-7-7XWRN jtg^ti. »&«£TJt««A<«#$*l 
(04 B) , ^XWS^a&ffllRfcfcVvtiS 

v^sa*qs«>^<ifcik*»A> (05) . ±#&m*m% 
fett&com$izmbz>*.%\<7>mm&ftz 3- h lt^s 

*&rf- cO-oT'J) & £ k < saft $ it . £ coJttE^ 

[0065] ^BBWjte^Sr^x/U^-ffilgSPweitlJ 
XWRN jtfE^^< k i>-gfrfr£-S*f:t U ^js? ? 



*U Fro-rTfc L/C J±. DNA 7°n 

-7\ RNA Ta-rW#ff 
[0066] ^BHtfMte^-^n-Hr&sKU^ 

r-f k ic^t-rs y 7 o-^/HJtft&tPe y ? a— t)V 

[0067] IX. it^c0^SK^2:±#X«±T^-t 

^hn>f) cD-wizxik. mm, ftxmvRmzm 
LXAxmz±&x\zTm-& x o izmmt & z t &x- 
[0068] ±m^m(r>mxii. &%}co^mcr>^miz 

(WxJf^jgjttt^TAKARA LA PCR in vitro Mutagenes 
is kit) ^^fflv^ik^-C^S. h7^y'i-"/? 

[0069] ffisxmimAitem&ttti&rrK? 

?-bLXli. WRN aefSraWiJ^S-friJ:^*^ 

7?-<?>-r>&3f>z.htih. ^-rticom-sizh. mm? 

[0070] »fla^605i^cO#A«i. SWflBtiESDN 

k*>t £ cofflsa*^ ^vxmtyt&s^hzhtfX' 
%ht\^omM.tti,x\^htz*>. %rwmmk^h 
imi) i £*)y)mttrxi&&i*<\ Esmmttxa. mm 

V^', 1995^, m±&) . 

[007 1 ] WRN jlg^ 2r£tf_kE<:? ^-DNASrXU 

Es$HBa?r, Msmmxi,i8mfmmz^m^i:m^x 

5i^i)cO^I^tt^«v^i\ 4f y 5i)j%$:iE^ii)ftk^ia 

-r s £ k t x o , ^i^ijo^ y ywmx-h zztcom 
[0072] x. y^mhvw 
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aMWcof-sa/v*-*-— (tk) ae^xuy^xur 

(DT)»*ae : fSrWfTfe<. xi^bnsKV-^g 

^*BJE^^^ ^a«!lffl<50*^v>f zsy&V^tfr-i 
^aSOffl^BBHlRftF I AU (f luoroiodoadenosy 1 uraci 

[0073] f#i?>ii3t«S:v^^c7)EBaKfl&X(i8*ffl 
[00 74] 

[HSfi^J] J2TF, HSfcffll^J: 0*«W*S4feft*Wfc 
fit. *«WttiiifeWI«fc*«o^ftW 

[0075] CUttffll ) Marathon 1 " cDNA Amplificat 
ion Kit SrfflV^V^XWRN cDNAtf)?n— — 
(1) RT-PCRtJ;£^XWRN agf^McDNAifr 

(i) mkmzx&cDNAcommRx/mm 

[0076] Pol y (A) +RNA (CLONETECH ft) ft 1 jug. 
iM"XlW dNTP (dATP, dCTP, dGTP&tfdTTP) 

. Wm»fkW^y r-Rtm^mk Super Sucr 
ipt II£^tpRJEtrf8£. 42XrW0#RJ63-fr, *tf)f& R 
NaseJft^lSrLTcDNASrPKt^o cDNASr-rVTP 
-ht U AG1897 (n&m^S) atXAG1911 (tm&% 
9) £y°7-(^-t LT> Taq DNA fcffcJH 

[0077] RT-PCR14. 1.5 mM MgCl 2 . 20 mM dNTP. Ix 
Perkin-Elmer Cetus buffer, #7°7>f^— 0.3 mM. & 
1/0.25 unit Taq d?»J * ^—tfiHrtflOjul tf>»&RJE 

iJCt:. 94°CT30#\ 55°CT'5#W72°CT'1^S 

fc. 

[0078] (i i ) J»KWttffiiO^^>RT-PCRjffiH!l^ 
±ieDNA«Ra[. T4 DNAUtf—tf (SBJStti!) ,^77 



(SBJttt*) . Rl^GEM-T^?*- (Promega ft 
» «:*trjB«tl5X:'C3«flBKBS*'C . RT-PCR&ft 

AraJMi095rh^yx^^--ix$^, <r<DABIS£. x 
-gai. iPTGjstvrytri/yy (S**«jg50/ig/mi) 

J^50/ig/ml) £*t*LB*S*lK\ 3rC"C16«FBIJ3LiiJHl« 
§tU Kuraboai^con^'v b(PI-100£) 
X* K DNAfcEUR ■ SKLfco 

[0079] RNase 9RNA£#jBL*:SL 20% 

^•jxfi/y/y n-;lV2.5M NaCl»»T/h4J^Hb^ftl 
X*y-;Wfc»£fTl\ DNA^-^xyxffl^ 
WRfcLfc, 7 julSrl.5 %r#n^xy;H:± 

[0 080] (iii) ttXSM^US 
gWh~f£DNA BftJtSrpGEM-T^;? 9~ (Promega tt» 

b(Kurabo #M PI-1002) fcJHVxfcTVkfr UffiC J: 0 

#^)^lr7X^ K£ RNase-CMaLfc 
8L <"K U x^ U r? -^/AifcKOJgfSTJfta LT 
'MHFSrISfcS. DNA fcflMLfc. 

[0081 ] )M3*i£DNA $:ilMDNA fc LT. ^Wi 

PCR^fi 1 ^^:. 

[0082] KJ6»^»liOT<oa 0 T** . 

Thermal Ready Reaction Mix 8 /.il 

g[MDNA 2.0 jul 

T5^fV— 2pmol//il 
dH 2 0 8.5 
[0 083] PCR 14 , %°CT10f^ (^tt) . 55 c CT'5f> 

[0 084 ] tf^ix^cDNA^n-y(4. TldW^-fv 
— ^fflV^T. Applied Biosystem 418^0 g ft D N Ai^— 
nyf- (model ABI 373)(Ci: *)'U~>tz 0 

Mi3F«!i mnm^4 

M13RW ffi?«#-^5 
SP6 ffil B0J#^6 
T7 Li B?»J#-»7 

EM*#17TSS<161.4 kbOcDNA^If 

[0085] act. RT-PCR&ti 0»fe*ifc^^-XWRN 
^a^cDNAWfr (EW#*17) coEWSrSt:, #7°5-f 

i-^fcfeKcDNA^ffiawLbkis'Gspi (se^#-^i 
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o) s.y5-GSP2 (w&mmi) . -j-lti&dn aisled -G 

SPl (E?iJ#^13) #.t/3'GSP2 (E?iJ#^-14) Srft*L 
[0 086] (2) J&ftcDNAUrJij-CD5'- «RtX. 3'- 

«t#itr***ns?i<oc d n Aw^tiia 

V^*f&j|£&tfl¥K&5fc<?)cDNA Ready™ (aONETECH 
tt) fcSSfcLT. (i)5'-RACE-l&V(ii) 5'-RACE-2, 
Mt/tC(iii) 3'-RACE £*to*:. J31T. #RACEfcoWC 



[0087] (i) 5'-RACE-l SftcOiMig 
(i-a) 1st LD PCR 

V^X»*&t/MiEi}5fc<0cDNA Ready™ £7^7^- b 
IZLX. APKE9HNH5) Sl/5'GSP1 (BWS^IO) £ 

2) (CiOPCR RJCtff-jfc. 
[0088] 

[mi 



[0089] 



5 


Ml 




imcDNA Ready™ 


1 


Ml 


API (1 

5'GSPl 


ffi|PrjH5) (10 a M) 


1 


Ml 


(SPJS-^10) (10 ^M) 


43 


Ml 




36 ^1 dH20 














5 *1 lOXKlenTaq PCR buffer 








1 fi\ IOdW dNTP 








1 Ml SOXKlenTaq DNA polymerase 



50 il 1 (^:) 



[i§2] 

12. PCR^Wn^A 



1. (94^ 2 4 

2. (94°CT*30£ 

3. 4-ceMt 



68^4 4>) X3<HM*;i> 



[00 90] (i-b) 2nd LD PCR fro*: (*3XV4) 

1st PCR ftljjS: lxTE(pH8.0)T50<g#3RLfet<50<JO 5ju [009 1 ] 

l^f^V-hClT, nestedr^>fv- (AP2(g^iJ [^3] 
**H6) Rlf GSP2(E?iJ#-^ll) ) SrJBwcPCR 



5 /il 1st PCK^fc (bOfg^R) 

1 Ml AP2 (ife»!f16) (10 mN) 

1 fi\ 5'GSP2 (ffillf^-ll) (10/uM) 

43 nl V^g-Sy^X (gg^l^gg 

50 /*! 



[00 92] [|§4] 

JI4. PCR^WD^A 



2. (94°CT'30#, 68rT'4^>) X20^^;b 

3. 4-ce^M 



[ 0 0 9 3 ] 2nd PCR 10jul£ 1.2%Ttfu-A*r 

>unsmm&. Etzrg&tx. v^x wrn cdna 

[0 0 94] (ii) 5'-RACE-2Sft<9*a« 
(ii-a) 1st LD PCR 



(CLT, APl(BS^iJ#-^15) S.WGSP2 £ 

6) mi 9 PCR RJ6£?fo£, 
[00 9 5] 
[f*5] 
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^ 5. pcRja c gmt 





5 


Ml 




fflEcDNA Ready™ 


1 


Ml 


API (ffi 


gff f 15) (10 MM) x 


1 


Ml 


5'GSP2 C 


m¥m^ru) (iomm) 


43 


Ml 







50 Ml (^) 



[0096] 



(94^ 2 j 
(9 " 



3. 



r) xit^i/jt/ 
68tre4#) x30iM?;f 



[0097] (ii-b) 2nd LD PCR ii. mjfB5*-RACE 

1st PCR mWlt. lxTE( P H8.0) T'50fg#fRL£k^ 5 <7)Th&» 
Ml^fy/l/- b^LT. nestedT^ V-(AP2 (IS [00 98] 

?i]#^16) &WGSP3 (EPJ#^12) Sffl^TPCR RJC [*7] 
fcfrofc <*7&tf8) . 5'GSP3 <EJ»#tl2) 

f!7. PCRl 



-1 «W^EM*»=»ftL^«Lfct> 



5 Ml 
1 Ml 
1 Ml 
43 Ml 



1st PCKj 
AP2 (I 



(10 mM) 
(10 



5 ^P^^m^it) "(lO'flH) 



50 Ml G&£) 



[00 99] 



[H8] 



£94°C C V 



\\ (94°i ?3(. 
3. 



>) Xl^i//l/ 



[0100] 2nd PCR jSm 10uM 1.2%7#n-xy 
^tt§U*IW*. EtBr^feLT, ^XWRN cDNA<05'*gSB 
*-C*>S»1.2kbp<7)Bf«- (EJW#fl9) c7)ti1@^ffif^L 

[oion (iii) y -Mwtimnmm 

(iii-a) 1st LD PCR 



5'-RACE ^Xm^RX/WM^COcmk Ready™ 

ir-ryyu—bifZtx^ APi(@d?'J#-¥i5) &wgspi 

( 8^*^13) fcJflivtPCR RJESrfirofc (*9St>'l 
0) . 

[0 102] 
[fS9] 



5 Ml V^^mcDNA ReadyTM 

i mi api cragtiais) (iomm) 

1 Ml 3'GSP1 fflfj«r^l3) (10 mM) 

43 Ml 1*1^130 



50 Ml ( £M ) 



[0 103] 



[*1 0] 

3110. PCRf^WD^A 



1. (94X^24 

2. (94°C-e30f 

3. 4 Tret?*©* 



x 

68t:-C4#) x30-tM'?;u' 



[0 104] (iii-b) 2nd LD PCR 

1st PCR mn£. lx TE(pH8.0)T*5WS*3RLfctCO<JO 5 
//lSr-ryrU—h^LT. nestedT^-f V- (AP2(1£ 



M##16) aV3 , GSP2(E?!l»^14»*fl9V^PCRRJC«: 
[0 10 5] 3r*5, r^^-i: LT3'GSP2£f£dfeW 
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«i. *3&V4^ia«co^fti:|3iaT*S. 2nd PCR * 
EtBrjftfeLfclS** *51.3kbpC7)v>XWRN cDNA 3'-aBgB 
[0106] (3) V7XWRN CO^^cDNA 

1512(2) fcJ;9*fejh*3«»»fr (5'-RACE-l m 

5'-RACE-2 jgm&Tfr- RACEMW StpGEM-T^?:? 
- (Promega D-^^U #Kf*<0E 

N ABJrJV*: huIB 3 WftflBrtf- 4: -Br* £ i: fc: J: 

0 . E*HM§- 1 -C«S;h.4£*KS. lkbp^^^) v> 
XWRN cDNASrf#& d fc #T*£ 

[0107] em## i ■c»3#i&«aHBM36 t 3 

^■2tc, Rr$y»E59S:3-Hi-4DNA<7)*a*E?J 
*EH**3fc«*. 

[0108] CSafeW2 ] BAC DNA^Mfit&VFISH 
*&K<D£i^BAC DNA ii. &ft*^A(CsCl)$&K£jE3 

[0 10 9] (1) BAC 7u—V<7ti&m£ 
BAC yfytiCO DNACD0IR • firtJii. Smoller ^ 

CChromosoma.lOO, 487-494(1991) ] fc: J; o T ffi^ £ *l 

mlc7)7n^A7x-a-;l/$r^01L cOLB^iS*^ 
[ 0 1 1 0 ] (2) CsCiapK^JEiS^^wi^BAC DNA CO 

mm 

BACDNAJJ, JJE(l) fclB«tfc*ttKJ:ij»feftfc« 
ffi«C07VW#lJ-SDSffi CBirnboim and Doly, N 
ucleic Acids Res. 7, 1513-1523 (1979)] izXKlMM 
U CsCiafa^EiS^ctOfMSLfc. 
[0111] ^ifl58>lM)« (3,500rpmXl5#) f,Zi 00 
KLrtrSflsfc:. 50ralc7)50mM Sucrose-lOmM EDTA-25mM Tr 
is-HCl(pH 8.0) t. 50 ml 

100ml <7) 0.2M NaOH-l%SDS5SfBSrJP^ N S^fc 
*±-C54M y^x-K-hLtl. $£>tC. 75ml£D3M KAc 
-11.5%**»S:JDi. m^MZ^X'SlM >*jl< 

[0112] ffiffl»lMftl(4,000 r P mXl5#) ttZ* 0± 
JtSrEUKU >e-tCft^«S50/>cg/iiilh^^>J:9tCRNas 

e mmzDnz.. 3TC"cibmbh ^^-m*. |p|*o 

JD*. -20X^1 l$iaft«Lfc. #£P^ 
<6,000rpmXl5^r) ft, x# Vf- 3 VC <* *3 
±iM:Bfc3cU Pl/PAC DNA£^tfftJ8£70%EtOHTifc?§> 
ft. ^^SSfe^it^o 6ml<7) lOmM Tris-HCl-lmM EDT 

a ( P h &.o)*totximzmmzM:. *ztz6& ^csci 

ZHntZ+Mzmmmt. $^t~10mg/ml Xf->>V7A7- 
K£100 //l Jo*.. -20 rWSSl/^, #£P3S 



't^*(6,OOOrpmX10#) ft ±» Sr EUR L . 22°CT" 100, 

ooorpm xemmmicommmM^zxKi. BAC DNA £ 
A^f yryyAhML^o uvaBtrFC bac dna£# 

7'n==h*§:fife^ 4fc, 2JK<oaWk:j; OCsClfclfcS. 
BAC DNAfcfMBLfc. jSWW^r-h LTlOmM Tris- 
HCl-1.25mM EDT A (pH 8.0)SrJB^fc o <I<7)BAC DNA £FI 

[0113] (3) FISH 

±£JE»ffc. x^>f K/7^itt^UT$ Ft 
SSC [StandardSaline Citrate; 0.15M NaCl , 0.015M S 
odium Citrate (pH 7.0) )fc X 0^ttS*fc o 
rfdr^^V-CSagLfeV^XWRN 3Bte^£*tf BAC D 
NA (BAC-#11315 DNA) Tu-:/£RJfc£^TS^£:^ 

7U^X$tt 0 ^LT. FITC- mmLtztx'j^^^ 

[0114] -e^jg*. S3C^J; dCC. FUCCOi^^ 
X WRNBS7£-&*JBAC-#11315 DNA(i s 518^^:, 8A 

4 fw*^#^tr * i t tfftfr^tz . 
[oii5] c^*fe^j3 ] v^xwrn m^cowyy 

xwrn mmf-mcommin^thtzMz, vwxoiz 
[ o i i 6 ] (D v^^jFH&r/t M»*sw)yyA 

DNA 

ffl$mm (BamHI, Bglll, EcoRI , Hindlllfttf PstI)"C 

fflftLfcv»>xiff»ftrxt h«at**oyy^ dna io 
jug£. o.8%r^n-xy^mm*»(cJ:O^L 

5^. WPi 0.5N NaOH-1.5M NaCl mm 50ml «St. 30 
^-V*T'1g<aV\ 0.5M Tris-HCl(pH 7.5),1.5M NaCl 

[0 117]-^ y^fcHt^&SCfflofc-hn-fe 
^n-Xl (AmershamttK) $rIS*CTS^fl 
2XSSC(0.3M NaCU 0.03M ^XVSf h 'J ( P H 7. 
0)) teHLfc. hV>f tC20XSSC 200mlAa. X 

^V^$T?SL. iXV^jiS^SS^iPK (Whatmann 3 

mm)2:2xssc {z&Ltztk, X#>i?e>±.1,zWHttz. 
[0 118]i«:, Z.cry^m±\ / zmtlcr)X o 

[0119] h5^7T-»T», mmmm m& 
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260 nm. 120 mJ/cm 2 ) (,Z X 0 ¥J ADNA Sr— hn-b;^o 

7°n-7fc U ft»WfcKodackttlg<DX»:7 ^f/^ti 
6*-b5^^57-f-fcJ:0maSLfc (H4) . 

[oi20]^, ^xwrn rwwyy^-tf-x 

gyA' 7 7r-di 5 XSSPE N lOxDenhardt' 
2% SDSamOO/ig/ml^tt^^tS^DNA 

[0121] *S*S:04fc:jjr*\ 04 A i± N t« 
&tfV^XffrK (l/-y6M0) 

*t£. [ 32 P] IBi^O^Sv^xWRN cDNASrTn-ytd 

[0 1 2 2] 124 A*. iaV6{±BanHI . V- 

>2^7(iBglII s U~y3St/8iiEcoRK > 
4&tf 9tiHindIII . l^-y SaVlWiPstl-CfHftLfc 
Brfrtf>fc*rC*>5. I24A fe. V^XWRN 

[0123] (2) Zoo Blot 

9^ac7)U)%i*COyy^DNA #4jUg£T#a— XHt 
;k?- (ClontechttS) £ffifflLfc (H4B) . V>XW 
>fWi/g V&tXffi^ftii. Clontechcoro h r7-/P 

fcrftofc. EI4BJ:9. v>xwrn itG?i±. 

[ 0 1 2 4 ] yy ADNACO*3R(iOTcOiiOTJ) 

^.a.hh; b.lf/P; c,7*/ h; d,V>X; e,-0; f, 

g.^^f; h,-7h«j; i,gg# 0 
[0125] CmmM4 3 V*>XWRN ^/-fy/P^y 

(l) v^xwrn c^y-ify^n^ mwf 

(i) VOX^fflUfcy-ify (Multiple Tissue Norther 
n;MTN) ^7 h 

8«ffl^V?X<0ffl]« • JiSJ: 0»ajLfc Poly(A) + RN 

A #2jugSrr^n-xitSvai(iLT, t^oyK7'n 
hL^ryy-f H7>f;^- (Clontech&M) Srffiffl 
Lti (05) . 

[0126] (ii) V>XWRN cDNA 
V>XWRN cDNA<03'-UT gfcfr (278 bp) £tta*tf>2fjfefc 

[0 127] (2) M ? y ^>f -bf-^ a V 
(i) rWW/'JNt'-ygy 
7 4 ;l/^-2r#^ffi^ySS<^4»T\ 100 idIWWn 
>f y* ij ^4 -tf_^ 3^777 L . 42°CT"4 H$ffl 



^77r-fclt 50%*/k£sT£K. 5 x SSPE „ lOXDe 
nhardfs»», 2% SDS&tflOOjLtg/i ^ft^ffi^DNA 

[0128] (ii) V>X WRN cDNA 7°n-7^ftlttt 

r-yyis-hb LTH«3*<7)V^XWRN cDNABfifrSO ng , 

^y^Ar7-fV-DNA7^y>^ y hVer.2(Sfii§ 
4tS) tJ:tl(fl Jl PHaP (NEN*tK. ^-ft^p n ptt 
S) tt!ffi7^Uc, 
[0 129] (iii) A^'U^^yay 
ri/A>f ^y^-b-^ay^^/yr-SrlST. fpfcfc 
50ml<7):7 c WW /U^^-yH y^ y 7r- £iP;t. 
SW6£* 7^^-<7)Tl:A0:^^^3 fc 
SlUfc. .Itite ( 32 P)-daP tM147</H^7°n- 
rfcJfcfiStt** 1 x l0 6 cpm/ffll i: %h ± 3 ( C j n ^ ^ 

[0 l 30] A>fyy^^y 3 yofl yuvf- 

IZttL. 100 mlc02xSSC. 0.1 ^SDSjgffltSrffl^T^fi 
T15#tf>y yx£2@S9iEU {££100 mlCO0.2xSS 

c. 0.1 % sDs»atfcffl^-csift"Ci5*^yyx*2ig 

RSs t7V777° (M-itmm) IZteZAsX" BAS1500 

y^fA (tt±:7^AttS) CH^h?^? 
[0131] (3) Fuji BASlSOO^X^A^i^ftl^f 

-by-t- (^^'v/riz-h ; IP) X|g7^;u 

.lOIP^He-Ne 

L(Photo Stimulated Luminescence) fc 3 ^fi^^JUS. 
i:»Lt^iL^o ^M(4BAS1500 i/XfA^ffl^ 

[ 0 1 3 2 ] (4) v^xwrn jmmmmnm^mm^ 

V^7X#$M^ • K^i*^02mg poly(A)+RNA$:'&ti > MTN 
7^7 h(CLONTECHit^) tC( 32 P) SSSL^V^XWRN c 

dnact)3'-ut ^7D"7]:a^ yy ^ XJte. 

[0133] ^^XWRN mRNAC0^3g(4, ^ScOjiST'iti 
IFF*. Mfc*$vvt+8*fc#»U IS. 

ofc. Poly (A)+ RNAcOfijHfiJaT^aO-C^&o 
a.^K; bjg; c.lffi; d.J}$; e,ffrii; f,#»«; g.W 

[0 134] 



(13) 



flfBPF 10-146188 



9 i-Cfc^fffl-Cft 0 . ^^S^W^fiSttSrti EMS)*S : 5 0 5 8 
[ 0 1 3 5 ] S fefc. *5WB60V^XWRN ae^i, * »OR : r*£g 
B5^fcy>co»Brrn-rfc LT. fciv^i N ffi^SJB : cDNA to idRNA 

[0136] ffiOWfR : mouse WRN helicase 

mm : 

GGCAGGCGCC AGACCAGAAG TGCACCGAGG CGCCCGTTGG TATAAAGTTA GTAAATGTGA 60 
GGCCTGTCTC GATGCCTGGG TCCTGGGCTT TGGTTCTCAG TCCTCCATAA ATCATCCTGC 120 
TGGAGGAGAA GACCCTTAGA TCTGGCTCTT CTCAGGGGCA TTTTAAAGAC AAATGAAAAT 180 
AAA ATG GAA ACC ACT TCA CTA CAG CGG AAA TTT CCA GAA TGG ATG TCT 228 
Met Glu Thr Thr Ser Leu Gin Arg Lys Phe Pro Glu Trp Met Ser 
15 10 15 

ATG CAG AGT CAA AGA TGT GCT ACA GAA GAA A AG GCC TGC GTT CAG AAG 276 
Met Gin Ser Gin Arg Cys Ala Thr Glu Glu Lys Ala Cys Val Gin Lys 

20 25 30 

AGT GTT CTT GAA GAT AAT CTC CCA TTC TTA GAA TTC CCT GGA TCC ATT 324 
Ser Val Leu Glu Asp Asn Leu Pro Phe Leu Glu Phe Pro Gly Ser lie 

35 40 45 

GTT TAC AGT TAT GAA GCT AGT GAT TGC TCC TTC CTG TCT GAA GAC ATT 372 
Val Tyr Ser Tyr Glu Ala Ser Asp Cys Ser Phe Leu Ser Glu Asp lie 

50 55 60 

AGC ATG CGT CTG TCT GAT GGC GAT GTG GTG GGA TTT GAC ATG GAA TGG 420 
Ser Met Arg Leu Ser Asp Gly Asp Val Val Gly Phe Asp Met Glu Trp 

65 70 75 

CCG CCC ATA TAC AAG CCA GGG AAA CGA AGC AGA GTC GCA GTG ATC CAG 468 
Pro Pro He Tyr Lys Pro Gly Lys Arg Ser Arg Val Ala Val He Gin 
80 85 90 95 

TTG TGT GTG TCT GAG AAC AAA TGT TAC TTG TTT CAC ATT TCT TCC ATG 516 
Leu Cys Val Ser Glu Asn Lys Cys Tyr Leu Phe His lie Ser Ser Met 

100 105 110 

TCA GTT TTC CCC CAG GGA TTA AAA ATG TTA CTA GAA AAC AAA TCA ATT 564 
Ser Val Phe Pro Gin Gly Leu Lys Met Leu Leu Glu Asn Lys Ser He 

115 120 125 

AAG AAG GCA GGG GTT GGG ATT GAA GGG GAC CAG TGG AAA CTT CTG CGT 612 
Lys Lys Ala Gly Val Gly He Glu Gly Asp Gin Trp Lys Leu Leu Arg 

130 135 140 

GAT TTT GAC GTC AAG TTG GAG AGT TTT GTG GAG CTG ACG GAT GTT GCC 660 
Asp Phe Asp Val Lys Leu Glu Ser Phe Val Glu Leu Thr Asp Val Ala 

145 150 155 

AAT GAA AAG TTG AAG TGC GCA GAG ACC TGG AGC CTC AAT GGT CTG GTT 708 
Asn Glu Lys Leu Lys Cys Ala Glu Thr Trp Ser Leu Asn Gly Leu Val 
160 165 170 175 

AAA CAC GTC TTA GGG AAA CAA CTT TTG AAA GAC AAG TCC ATC CGC TGC 756 
Lys His Val Leu Gly Lys Gin Leu Leu Lys Asp Lys Ser He Arg Cys 
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AGC AAT 
Ser Asn 

GCC ACT 
Ala Thr 

TTG GGT 
Leu Gly 
225 
CTA CCT 
Leu Pro 
240 

AGG GAT 
Arg Asp 

CTC CAG 
Leu Gin 

TCA TTG 
Ser Leu 

AAG CCG 
Lys Pro 

305 
GCT GGA 
Ala Gly 
320 

ATT AAA 
He Lys 

GAG GAG 
Glu Glu 

TCT GAA 
Ser Glu 

ACT TGT 
Thr Cys 
385 
CAG CAA 
Gin Gin 
400 

GAG CAT 
Glu His 

GAA AGT 
Glu Ser 

CTA AAT 



TGG AGT 
Trp Ser 
195 
GAT GCC 
Asp Ala 
210 

GAT ACT 
Asp Thr 

CTG GAG 
Leu Glu 

CTA GCC 
Leu Ala 

AGG GTT 
Arg Val 
275 
AGA AAA 
Arg Lys 
290 

GGC AGT 
Gly Ser 

GAA AAA 
Glu Lys 

GAA GAA 
Glu Glu 

GTT GAT 
Val Asp 
355 
AAT GAA 
Asn Glu 
370 

GTG ATT 
Val He 

GCT AAA 
Ala Lys 

TTA TCT 
Leu Ser 

GAT GAA 
Asp Glu 
435 
AGT GAC 



180 

AAT TTC CCC CTC 
Asn Phe Pro Leu 



TAT GCT 
Tyr Ala 

GTG CAA 
Val Gin 

ATG AAG 
Met Lys 
245 
AAT CGT 
Asn Arg 
260 

CCT GTA 
Pro Val 



GGT CTT 
Gly Leu 
215 
GTG TTT 
Val Phe 
230 

AAA CAG 
Lys Gin 

TTT CCA 
Phe Pro 

ATA TTG 
He Leu 



GTG ATC TGT GGT 
Val He Cys Gly 
295 

AGT TTT AAT TTA 
Ser Phe Asn Leu 
310 

GAG AAA CAG ATT 
Glu Lys Gin He 

325 

CCA TGG GAC CCA 
Pro Trp Asp Pro 
340 

GTA TTT AGA AAT 
Val Phe Arg Asn 



ATA GAA 
He Glu 

CCT AGT 
Pro Ser 

GAA GAA 
Glu Glu 
405 
CCC AAT 
Pro Asn 
420 

GAT TTG 
Asp Leu 



GAT AAT 
Asp Asn 
375 
ATT TCA 
He Ser 
390 

AAA TAT 
Lys Tyr 



185 
ACT GAG 
Thr Glu 
200 

ATC ATC 
lie He 

GCT CTA 
Ala Leu 

TTG AAT 
Leu Asn 

GTC ACT 
Val Thr 
265 
AAG AGT 
Lys Ser 
280 

CCT ACA 
Pro Thr 

CTG TCA 
Leu Ser 

GGA AAA 
Gly Lys 

GAA CTT 
Glu Leu 
345 
CAA GTG 
Gin Val 
360 

CTG TTG 
Leu Leu 

GAA AAT 
Glu Asn 

AAT GAT 
Asn Asp 



GAC CAG 
Asp Gin 

TAT CAA 
Tyr Gin 

AAT AAA 
Asn Lys 
235 
TTA ATC 
Leu He 
250 

TGC AGA 
Cys Arg 

ATT TCA 
He Ser 

AAC ACT 
Asn Thr 

TCA GAA 

Ser Glu 

315 

CAT AGT 

His Ser 
330 

GAC AGT 

Asp Ser 

AAG CAA 
Lys Gin 

AGA GAA 
Arg Glu 

GAA CTC 
Glu Leu 
395 
GTT TCT 
Val Ser 
410 

GAC TCC 
Asp Ser 



190 

AAA CTG TAT GCA 
Lys Leu Tyr Ala 
205 

AAA TTA GGA AAT 
Lys Leu Gly Asn 

220 

GCA GAG GAA AAC 
Ala Glu Glu Asn 



GAT GAT GAG AAT 
Asp Asp Glu Asn 
425 

GAA ATG GAG ATG CTG AAG 
Glu Met Glu Met Leu Lys 
440 

ATG GTG GAA CCC ACT CAC TCT AAA 



TCC GAA 
Ser Glu 

AAT TTG 
Asn Leu 

GAA AAT 
Glu Asn 
285 
GAG ACT 
Glu Thr 
300 

GAT TCA 
Asp Ser 

ACT TTT 
Thr Phe 

TTA GTG 
Leu Val 

GAA AAA 
Glu Lys 
365 
GAT ATG 
Asp Met 
380 

CAA GAT 
Gin Asp 

CAC CAA 
His Gin 

TCC TAT 
Ser Tyr 



GAA ATG 
Glu Met 
255 
GAA ACT 
Glu Thr 
270 

CTC TGT 
Leu Cys 

AGA CTG 
Arg Leu 

GCT GCT 
Ala Ala 

GCT AAA 

Ala Lys 
335 

AAG CAA 

Lys Gin 
350 

GGT GAA 

Gly Glu 

GAA AGA 
Glu Arg 

TTG GAA 
Leu Glu 

CTT TCT 
Leu Ser 
415 
ATA ATT 
He He 
430 

GAA AAC 
Glu Asn 



804 



852 



900 



948 



9% 



1044 



1092 



1140 



1188 



1236 



1284 



1332 



1380 



1428 



1476 



1524 



TCT TTA 
Ser Leu 
445 

TGG TTG GAA ATG 1572 
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Leu Asn Ser Asp Met Val Glu Pro Thr His Ser Lys Trp Leu Glu Met 

450 455 460 

GGA ACC AAT GGG TGT CTT CCT CCT GAG GAG GAA GAT GGA CAC GGA AAT 1620 
Gly Thr Asn Gly Cys Leu Pro Pro Glu Glu Glu Asp Gly His Gly Asn 

465 470 475 

GAA GCC ATC AAA GAG GAG CAG GAA GAA GAG GAC CAT TTA TTG CCG GAA 1668 
Glu Ala lie Lys Glu Glu Gin Glu Glu Glu Asp His Leu Leu Pro Glu 
480 485 490 495 

CCC AAC GCA AAG CAA ATT AAT TGC CTC AAG ACC TAT TTC GGA CAC AGC 1716 
Pro Asn Ala Lys Gin He Asn Cys Leu Lys Thr Tyr Phe Gly His Ser 

500 505 510 

AGT TTT AAA CCG GTT CAG TGG AAA GTC ATC CAT TCT GTA TTA GAA GAG 1764 
Ser Phe Lys Pro Val Gin Trp Lys Val He His Ser Val Leu Glu Glu 

515 520 525 

AGA AGA GAT AAT GTT GTT GTC ATG GCA ACT GGA TAT GGG AAG AGT CTG 1812 
Arg Arg Asp Asn Val Val Val Met Ala Thr Gly Tyr Gly Lys Ser Leu 

530 535 540 

TGC TTC CAG TAT CCG CCT GTT TAT ACA GGC AAG ATT GGC ATT GTC ATT 1860 
Cys Phe Gin Tyr Pro Pro Val Tyr Thr Gly Lys He Gly He Val He 

545 550 555 

TCA CCT CTC ATT TCC TTA ATG GAA GAC CAA GTC CTC CAG CTT GAG CTA 1908 
Ser Pro Leu He Ser Leu Met Glu Asp Gin Val Leu Gin Leu Glu Leu 
560 565 570 575 

TCC AAT GTT CCA GCC TGT TTA CTT GGA TCT GCA CAA TCA AAA AAT ATT 1956 
Ser Asn Val Pro Ala Cys Leu Leu Gly Ser Ala Gin Ser Lys Asn He 

580 585 590 

CTA GGA GAT GTT AAA TTA GGC AAA TAT AGG GTC ATC TAC ATA ACT CCA 2004 
Leu Gly Asp Val Lys Leu Gly Lys Tyr Arg Val He Tyr He Thr Pro 

595 600 605 

GAG TTC TGT TCT GGT AAC TTG GAT CTA CTC CAG AAA CTT GAC TCT AGT 2052 
Glu Phe Cys Ser Gly Asn Leu Asp Leu Leu Gin Lys Leu Asp Ser Ser 

610 615 620 

ATT GGC ATC ACT CTC ATT GCT GTG GAT GAG GCT CAC TGC ATT TCA GAG 2100 
He Gly He Thr Leu He Ala Val Asp Glu Ala His Cys He Ser Glu 

625 630 635 

TGG GGC CAT GAT TTC AGA AGT TCA TTC AGG ATG CTG GGC TCT CTT AAA 2148 
Trp Gly His Asp Phe Arg Ser Ser Phe Arg Met Leu Gly Ser Leu Lys 
640 645 650 655 

ACA GCG CTC CCA TTG GTT CCA GTC ATT GCA CTC TCC GCT ACT GCA AGC 21% 
Thr Ala Leu Pro Leu Val Pro Val He Ala Leu Ser Ala Thr Ala Ser 

660 665 670 

TCT TCC ATC CGG GAA GAC ATT ATA AGC TGC TTA AAC CTG AAA GAC CCT 2244 
Ser Ser He Arg Glu Asp He He Ser Cys Leu Asn Leu Lys Asp Pro 

675 680 685 

CAG ATC ACC TGC ACT GGA TTT GAT CGG CCA AAT CTG TAC TTA GAA GTT 2292 
Gin He Thr Cys Thr Gly Phe Asp Arg Pro Asn Leu Tyr Leu Glu Val 

690 695 700 

GGA CGG AAA ACA GGG AAC ATC CTT CAG GAT CTA AAG CCG TTT CTC GTC 2340 
Gly Arg Lys Thr Gly Asn He Leu Gin Asp Leu Lys Pro Phe Leu Val 

705 710 715 
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CGA AAG GCA AGT TCT GCC TGG GAA TTT GAA GGT CCA ACC ATC ATC TAT 2388 
Arg Lys Ala Ser Ser Ala Trp Glu Phe Glu Gly Pro Thr lie lie Tyr 
720 725 730 735 

TGT CCT TCG AG A AAA ATG ACA GAA CAA GTT ACT GCT GAA CTT GGG AAA 2436 
Cys Pro Ser Arg Lys Met Thr Glu Gin Val Thr Ala Glu Leu Gly Lys 

740 745 750 

CTG AAC TTA GCC TGC AGA ACA TAC CAC GCT GGC ATG AAA ATT AGC GAA 2484 
Leu Asn Leu Ala Cys Arg Thr Tyr His Ala Gly Met Lys He Ser Glu 

755 760 765 

AGG AAG GAC GTT CAT CAT AGG TTC CTG AGA GAT GAA ATT CAG TGT GTT 2532 
Arg Lys Asp Val His His Arg Phe Leu Arg Asp Glu He Gin Cys Val 

770 775 780 

GTA GCT ACT GTA GCT TTT GGA ATG GGC ATT AAT AAA GCT GAC ATT CGC 2580 
Val Ala Thr Val Ala Phe Gly Met Gly He Asn Lys Ala Asp He Arg 

785 790 795 

CAA GTT ATT CAT TAT GGT GCG CCT AAG GAA ATG GAA TCC TAT TAC CAG 2628 
Gin Val He His Tyr Gly Ala Pro Lys Glu Met Glu Ser Tyr Tyr Gin 
800 805 810 815 

GAA ATT GGT AGA GCT GGC CGG GAT GGA CTT CAG AGT TCC TGT CAC TTG 2676 
Glu He Gly Arg Ala Gly Arg Asp Gly Leu Gin Ser Ser Cys His Leu 

820 825 830 

CTC TGG GCT CCA GCA GAC TTT AAC ACA TCC AGG AAT CTC CTT ATT GAG 2724 
Leu Trp Ala Pro Ala Asp Phe Asn Thr Ser Arg Asn Leu Leu He Glu 

835 840 845 

ATT CAC GAT GAA AAG TTC CGG TTA TAT AAA TTA AAG ATG ATG GTA AAG 2772 
He His Asp Glu Lys Phe Arg Leu Tyr Lys Leu Lys Met Met Val Lys 

850 855 860 

ATG GAA AAA TAC CTT CAC TCC AGT CAG TGT AGG CGA CGA ATC ATC TTG 2820 
Met Glu Lys Tyr Leu His Ser Ser Gin Cys Arg Arg Arg He He Leu 

865 870 875 

TCC CAT TTT GAG GAC AAA TGT CTG CAG AAG GCC TCC TTG GAC ATT ATG 2868 
Ser His Phe Glu Asp Lys Cys Leu Gin Lys Ala Ser Leu Asp He Met 
880 885 890 895 

GGA ACT GAA AAA TGC TGT GAT AAT TGC AGG CCC AGG CTG AAT CAT TGC 2916 
Gly Thr Glu Lys Cys Cys Asp Asn Cys Arg Pro Arg Leu Asn His Cys 

900 905 910 

CTT ACT GCT AAC AAC TCA GAG GAC GCA TCC CAA GAC TTT GGG CCA CAA 2964 
Leu Thr Ala Asn Asn Ser Glu Asp Ala Ser Gin Asp Phe Gly Pro Gin 

915 920 925 

GCA TTC CAG CTA CTG TCT GCT GTG GAC ATC CTG CAG GAG AAA TTT GGA 3012 
Ala Phe Gin Leu Leu Ser Ala Val Asp He Leu Gin Glu Lys Phe Gly 

930 935 940 

ATT GGG ATT CCG ATC TTA TTT CTC CGA GGA TCT AAT TCT CAG CGT CTT 3060 
He Gly lie Pro He Leu Phe Leu Arg Gly Ser Asn Ser Gin Arg Leu 

945 950 955 

CCT GAT AAA TAT CGG GGT CAC AGG CTC TTT GGT GCT GGA AAG GAG CAA 3108 
Pro Asp Lys Tyr Arg Gly His Arg Leu Phe Gly Ala Gly Lys Glu Gin 
960 965 970 975 

GCA GAA AGT TGG TGG AAG ACT CTT TCT CAC CAT CTC ATA GCT GAA GGA 3156 
Ala Glu Ser Trp Trp Lys Thr Leu Ser His His Leu He Ala Glu Gly 
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980 985 990 

TTC TTG GTA GAG GTT CCC AAG GAA AAC AAA TAT ATA A AG ACA TGT TCC 3204 
Phe Leu Val Glu Val Pro Lys Glu Asn Lys Tyr lie Lys Thr Cys Ser 

995 1000 1005 

CTC ACA AAA AAG GGT AGA AAG TGG CTT GGA GAA GCC AGT TTG CAG TCT 3252 
Leu Thr Lys Lys Gly Arg Lys Trp Leu Gly Glu Ala Ser Leu Gin Ser 

1010 1015 1020 

CCT CCG AGC CTT CTC CTT CAA GCT AAT GAA GAG ATG TTT CCA AGG AAA 3300 
Pro Pro Ser Leu Leu Leu Gin Ala Asn Glu Glu Met Phe Pro Arg Lys 

1025 1030 1035 

GTT CTG CTA CCA AGT TCT AAT CCT GTA TCT CCA GAA ACG ACG CAA CAT 3348 
Val Leu Leu Pro Ser Ser Asn Pro Val Ser Pro Glu Thr Thr Gin His 
1040 1045 1050 1055 

TCC TCT AAT CAA AAC CCA GCT GGA TTA ACT ACC AAG CAG TCT AAT TTG 33% 
Ser Ser Asn Gin Asn Pro Ala Gly Leu Thr Thr Lys Gin Ser Asn Leu 

1060 1065 1070 

GAG AGG ACG CAT TCT TAC AAA GTG CCT GAG AAA GTT TCT TCT GGG AGT 3444 
Glu Arg Thr His Ser Tyr Lys Val Pro Glu Lys Val Ser Ser Gly Ser 

1075 1080 1085 

AAC ATT CCT AAA AAA AGT GCC GTG ATG CCG TCA CCA GGA ACA TCT TCC 3492 
Asn He Pro Lys Lys Ser Ala Val Met Pro Ser Pro Gly Thr Ser Ser 

1090 1095 1100 

AGC CCC TTA GAA CCT GCC ATC TCA GCC CAA GAG CTG GAC GCT CGG ACT 3540 
Ser Pro Leu Glu Pro Ala He Ser Ala Gin Glu Leu Asp Ala Arg Thr 

1105 1110 1115 

GGG CTA TAT GCC AGG TTG GTG GAA GCA AGG CAG AAA CAC GCT AAT AAG 3588 
Gly Leu Tyr Ala Arg Leu Val Glu Ala Arg Gin Lys His Ala Asn Lys 
1120 1125 1130 1135 

ATG GAT GTA CCT CCA GCT ATT TTA GCA GCA AAC AAG GTT TTG CTG GAC 3636 
Met Asp Val Pro Pro Ala He Leu Ala Ala Asn Lys Val Leu Leu Asp 

1140 1145 1150 

ATG GCT AAA ATG AGA CCG ACT ACT GTT GAA AAC ATG AAA CAG ATC GAC 3684 
Met Ala Lys Met Arg Pro Thr Thr Val Glu Asn Met Lys Gin He Asp 

1155 1160 1165 

GGT GTC TCT GAA GGC AAA GCT GCT CTG TTG GCC CCT CTG GTG GGA GTC 3732 
Gly Val Ser Glu Gly Lys Ala Ala Leu Leu Ala Pro Leu Val Gly Val 

1170 1175 1180 

ATC AAA CAT TTC TGT CAA GTA ACT AGT GTT CAG ACA GAC CTC CTT TCC 3780 
He Lys His Phe Cys Gin Val Thr Ser Val Gin Thr Asp Leu Leu Ser 

1185 1190 1195 

AGT GCC AAA CCT CAC AAG GAA CAG GAG AAA AGT CAG GAG ATG GAA AAG 3828 
Ser Ala Lys Pro His Lys Glu Gin Glu Lys Ser Gin Glu Met Glu Lys 
1200 1205 1210 1215 

AAA GAC TGC TCA CTC CCC CAG TCT GTG GCC GTC ACA TAC ACT TTA TTC 3876 
Lys Asp Cys Ser Leu Pro Gin Ser Val Ala Val Thr Tyr Thr Leu Phe 

1220 1225 1230 

CAG GAA AAG AAA ATG CCC TTA CAC AGC ATA GCT GAG AAC AGG CTC CTG 3924 
Gin Glu Lys Lys Met Pro Leu His Ser He Ala Glu Asn Arg Leu Leu 

1235 1240 1245 

CCT CTC ACA GCA GTC GGC ATG CAC TTA GCC CAG GCG GTG AAA GCC GGC 3972 
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Pro Leu Thr Ala Val Gly Met His Leu Ala Gin Ala Val Lys Ala Gly 

1250 1255 1260 

TGC CCC CTG GAT ATG GAG CGA GCT GGC CTG ACC CCA GAG ACT TGG AAG 4020 
Cys Pro Leu Asp Met Glu Arg Ala Gly Leu Thr Pro Glu Thr Trp Lys 

1265 1270 1275 

ATT ATT ATG GAT GTC ATC CGA AAC CCT CCC ATC AAC TCA GAT ATG TAT 4068 
He lie Met Asp Val He Arg Asn Pro Pro He Asn Ser Asp Met Tyr 
1280 1285 1290 1295 

AAA GTT AAA CTC ATC AGA ATG TTA GTT CCT GAA AAC ATC GAC ACG TAC 4116 
Lys Val Lys Leu He Arg Met Leu Val Pro Glu Asn He Asp Thr Tyr 

1300 1305 1310 

CTC ATC CAC ATG GCG ATT GAG ATT CTT CAG AGT GGT TCC GAC AGC AGA 4164 
Leu lie His Met Ala He Glu He Leu Gin Ser Gly Ser Asp Ser Arg 

1315 1320 1325 

ACC CAG CCT CCT TGT GAT TCC AGC AGG AAG AGG CGT TTC CCC AGC TCT 4212 
Thr Gin Pro Pro Cys Asp Ser Ser Arg Lys Arg Arg Phe Pro Ser Ser 

1330 1335 1340 

GCA GAG AGT TGT GAG AGC TGT AAG GAG AGC AAA GAG GTG GTC ACC GAG 4260 
Ala Glu Ser Cys Glu Ser Cys Lys Glu Ser Lys Glu Val Val Thr Glu 

1345 1350 1355 

ACC AAG GCA TCA TCT TCA GAG TCA AAG AGA AAA TTA CCT GAG TGG TTT 4308 
Thr Lys Ala Ser Ser Ser Glu Ser Lys Arg Lys Leu Pro Glu Trp Phe 
1360 1365 1370 1375 

GCC AAA GGA AAT GTG CCC TCA GCT GAT ACC GGC AGC TCA TCA TCA ATG 4356 
Ala Lys Gly Asn Val Pro Ser Ala Asp Thr Gly Ser Ser Ser Ser Met 

1380 1385 1390 

GCC AAG ACC AAA AAG AAA GGT CTC TTT AGT TAA 4389 
Ala Lys Thr Lys Lys Lys Gly Leu Phe Ser 

1395 1400 
GATGACAACG ATGGAACAGT TTGTGTGTCC TACATCTTCA TT CCT AT AAA G AAT G AAA AG 4449 
AAATATTTTA ACCTCAAAAT TATTTAAAGT CCAAAGTGAA GCTCACCTAA ACGTCGAGCC 4509 
ATAGAGTCTT TAATTGCCCG TTGGCAGTTG AGCTACAGTA TCTGAACCTT CTGAGACCCG 4569 
GAGTGCAGCA TAGACTGTGA AGTCGGCTTC CTTTCCGATT GCCTTCCGAA CCGGTGCCAC 4629 
TGTCAGGTTG CAGTTTTTCT TTTTTTGCAG CAGTGTGTGT TGGAAATGGA GGCTGTGTCG 4689 
CTTTGACATA TAGAACAGAT CAATAGTTGC ATAGGGACAG ATATGAAGAT ACAGCCGGTC 4749 
TTTGCTTTCT TATGCAGATG CCTGTATGAC AGTATCAGTG CACCAGCCCA GCCAGGGAGA 4809 
ATCAGCTTCC ATTTAAAAAG GGAAAGCGGA CAAGGACTCC AGTTACAGAA ACAACTAAAT 4869 
TTTATGCATT TTCTGCAGTT TTTATTATTT CTCAATCAAA AGTGTTTTTT GTACTGAATA 4929 
GTAAATATAC TAAATTTTCA TTTTTTAAAT TGTTGTGAGT GCCTTCAATA TTTGAAGATG 4989 
CCAATTTTTA ATGTTTTTAT GTTTCACAAA GAATTAAAAA ACTGGAAAAA AAAAAAAAAA 5049 
AAAAAAAAA 5058 

[0137] nmm^ : 2 tm 

EMC0*S : 1 4 0 1 : 

whom: T$sm mmmt 

h^Oy- : HIKtt ffttf>ffi|R : mouse WRN helicase 

wm : 

Met Glu Thr Thr Ser Leu Gin Arg Lys Phe Pro Glu Trp Met Ser 

15 10 15 

Met Gin Ser Gin Arg Cys Ala Thr Glu Glu Lys Ala Cys Val Gin Lys 
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20 25 30 

Ser Val Leu Glu Asp Asn Leu Pro Phe Leu Glu Phe Pro Gly Ser He 

35 40 45 

Val Tyr Ser Tyr Glu Ala Ser Asp Cys Ser Phe Leu Ser Glu Asp He 

50 55 60 

Ser Met Arg Leu Ser Asp Gly Asp Val Val Gly Phe Asp Met Glu Trp 

65 70 75 

Pro Pro He Tyr Lys Pro Gly Lys Arg Ser Arg Val Ala Val He Gin 
80 85 90 95 

Leu Cys Val Ser Glu Asn Lys Cys Tyr Leu Phe His lie Ser Ser Met 

100 105 110 

Ser Val Phe Pro Gin Gly Leu Lys Met Leu Leu Glu Asn Lys Ser He 

115 120 125 

Lys Lys Ala Gly Val Gly He Glu Gly Asp Gin Trp Lys Leu Leu Arg 

130 135 140 

Asp Phe Asp Val Lys Leu Glu Ser Phe Val Glu Leu Thr Asp Val Ala 

145 150 155 

Asn Glu Lys Leu Lys Cys Ala Glu Thr Trp Ser Leu Asn Gly Leu Val 
160 165 170 175 

Lys His Val Leu Gly Lys Gin Leu Leu Lys Asp Lys Ser lie Arg Cys 

180 185 190 

Ser Asn Trp Ser Asn Phe Pro Leu Thr Glu Asp Gin Lys Leu Tyr Ala 

195 200 205 

Ala Thr Asp Ala Tyr Ala Gly Leu lie He Tyr Gin Lys Leu Gly Asn 

210 215 220 

Leu Gly Asp Thr Val Gin Val Phe Ala Leu Asn Lys Ala Glu Glu Asn 

225 230 235 

Leu Pro Leu Glu Met Lys Lys Gin Leu Asn Leu lie Ser Glu Glu Met 
240 245 250 255 

Arg Asp Leu Ala Asn Arg Phe Pro Val Thr Cys Arg Asn Leu Glu Thr 

260 265 270 

Leu Gin Arg Val Pro Val He Leu Lys Ser He Ser Glu Asn Leu Cys 

275 280 285 

Ser Leu Arg Lys Val He Cys Gly Pro Thr Asn Thr Glu Thr Arg Leu 

290 295 300 

Lys Pro Gly Ser Ser Phe Asn Leu Leu Ser Ser Glu Asp Ser Ala Ala 

305 310 315 

Ala Gly Glu Lys Glu Lys Gin He Gly Lys His Ser Thr Phe Ala Lys 
320 325 330 335 

He Lys Glu Glu Pro Trp Asp Pro Glu Leu Asp Ser Leu Val Lys Gin 

340 345 350 

Glu Glu Val Asp Val Phe Arg Asn Gin Val Lys Gin Glu Lys Gly Glu 

355 360 365 

Ser Glu Asn Glu He Glu Asp Asn Leu Leu Arg Glu Asp Met Glu Arg 

370 375 380 

Thr Cys Val He Pro Ser lie Ser Glu Asn Glu Leu Gin Asp Leu Glu 

385 390 395 

Gin Gin Ala Lys Glu Glu Lys Tyr Asn Asp Val Ser His Gin Leu Ser 
400 405 410 415 

Glu His Leu Ser Pro Asn Asp Asp Glu Asn Asp Ser Ser Tyr He lie 
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420 425 430 

Glu Ser Asp Glu Asp Leu Glu Met Glu Met Leu Lys Ser Leu Glu Asn 

435 440 445 

Leu Asn Ser Asp Met Val Glu Pro Thr His Ser Lys Trp Leu Glu Met 

450 455 460 

Gly Thr Asn Gly Cys Leu Pro Pro Glu Glu Glu Asp Gly His Gly Asn 

465 470 475 

Glu Ala He Lys Glu Glu Gin Glu Glu Glu Asp His Leu Leu Pro Glu 
480 485 490 495 

Pro Asn Ala Lys Gin He Asn Cys Leu Lys Thr Tyr Phe Gly His Ser 

500 505 510 

Ser Phe Lys Pro Val Gin Trp Lys Val He His Ser Val Leu Glu Glu 

515 520 525 

Arg Arg Asp Asn Val Val Val Met Ala Thr Gly Tyr Gly Lys Ser Leu 

530 535 540 

Cys Phe Gin Tyr Pro Pro Val Tyr Thr Gly Lys He Gly lie Val lie 

545 550 555 

Ser Pro Leu He Ser Leu Met Glu Asp Gin Val Leu Gin Leu Glu Leu 
560 565 570 575 

Ser Asn Val Pro Ala Cys Leu Leu Gly Ser Ala Gin Ser Lys Asn He 

580 585 590 

Leu Gly Asp Val Lys Leu Gly Lys Tyr Arg Val lie Tyr He Thr Pro 

595 600 605 

Glu Phe Cys Ser Gly Asn Leu Asp Leu Leu Gin Lys Leu Asp Ser Ser 

610 615 620 

He Gly He Thr Leu He Ala Val Asp Glu Ala His Cys lie Ser Glu 

625 630 635 

Trp Gly His Asp Phe Arg Ser Ser Phe Arg Met Leu Gly Ser Leu Lys 
640 645 650 655 

Thr Ala Leu Pro Leu Val Pro Val He Ala Leu Ser Ala Thr Ala Ser 

660 665 670 

Ser Ser He Arg Glu Asp lie He Ser Cys Leu Asn Leu Lys Asp Pro 

675 680 685 

Gin He Thr Cys Thr Gly Phe Asp Arg Pro Asn Leu Tyr Leu Glu Val 

690 695 700 

Gly Arg Lys Thr Gly Asn lie Leu Gin Asp Leu Lys Pro Phe Leu Val 

705 710 715 

Arg Lys Ala Ser Ser Ala Trp Glu Phe Glu Gly Pro Thr He lie Tyr 
720 725 730 735 

Cys Pro Ser Arg Lys Met Thr Glu Gin Val Thr Ala Glu Leu Gly Lys 

740 745 750 

Leu Asn Leu Ala Cys Arg Thr Tyr His Ala Gly Met Lys lie Ser Glu 

755 760 765 

Arg Lys Asp Val His His Arg Phe Leu Arg Asp Glu He Gin Cys Val 

770 775 780 

Val Ala Thr Val Ala Phe Gly Met Gly He Asn Lys Ala Asp He Arg 

785 790 795 

Gin Val He His Tyr Gly Ala Pro Lys Glu Met Glu Ser Tyr Tyr Gin 
800 805 810 815 

Glu He Gly Arg Ala Gly Arg Asp Gly Leu Gin Ser Ser Cys His Leu 
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820 825 830 

Leu Trp Ala Pro Ala Asp Phe Asn Thr Ser Arg Asn Leu Leu lie Glu 

835 840 845 

He His Asp Glu Lys Phe Arg Leu Tyr Lys Leu Lys Met Met Val Lys 

850 855 860 

Met Glu Lys Tyr Leu His Ser Ser Gin Cys Arg Arg Arg He lie Leu 

865 870 875 

Ser His Phe Glu Asp Lys Cys Leu Gin Lys Ala Ser Leu Asp He Met 
880 885 890 895 

Gly Thr Glu Lys Cys Cys Asp Asn Cys Arg Pro Arg Leu Asn His Cys 

900 905 910 

Leu Thr Ala Asn Asn Ser Glu Asp Ala Ser Gin Asp Phe Gly Pro Gin 

915 920 925 

Ala Phe Gin Leu Leu Ser Ala Val Asp He Leu Gin Glu Lys Phe Gly 

930 935 940 

He Gly He Pro He Leu Phe Leu Arg Gly Ser Asn Ser Gin Arg Leu 

945 950 955 

Pro Asp Lys Tyr Arg Gly His Arg Leu Phe Gly Ala Gly Lys Glu Gin 
960 965 970 975 

Ala Glu Ser Trp Trp Lys Thr Leu Ser His His Leu lie Ala Glu Gly 

980 985 990 

Phe Leu Val Glu Val Pro Lys Glu Asn Lys Tyr He Lys Thr Cys Ser 

995 1000 1005 

Leu Thr Lys Lys Gly Arg Lys Trp Leu Gly Glu Ala Ser Leu Gin Ser 

1010 1015 1020 

Pro Pro Ser Leu Leu Leu Gin Ala Asn Glu Glu Met Phe Pro Arg Lys 

1025 1030 1035 

Val Leu Leu Pro Ser Ser Asn Pro Val Ser Pro Glu Thr Thr Gin His 
1040 1045 1050 1055 

Ser Ser Asn Gin Asn Pro Ala Gly Leu Thr Thr Lys Gin Ser Asn Leu 

1060 1065 1070 

Glu Arg Thr His Ser Tyr Lys Val Pro Glu Lys Val Ser Ser Gly Ser 

1075 1080 1085 

Asn He Pro Lys Lys Ser Ala Val Met Pro Ser Pro Gly Thr Ser Ser 

1090 1095 1100 

Ser Pro Leu Glu Pro Ala He Ser Ala Gin Glu Leu Asp Ala Arg Thr 

1105 1110 1115 

Gly Leu Tyr Ala Arg Leu Val Glu Ala Arg Gin Lys His Ala Asn Lys 
1120 1125 1130 1135 

Met Asp Val Pro Pro Ala He Leu Ala Ala Asn Lys Val Leu Leu Asp 

1140 1145 1150 

Met Ala Lys Met Arg Pro Thr Thr Val Glu Asn Met Lys Gin He Asp 

1155 1160 1165 

Gly Val Ser Glu Gly Lys Ala Ala Leu Leu Ala Pro Leu Val Gly Val 

1170 1175 1180 

He Lys His Phe Cys Gin Val Thr Ser Val Gin Thr Asp Leu Leu Ser 

1185 1190 1195 

Ser Ala Lys Pro His Lys Glu Gin Glu Lys Ser Gin Glu Met Glu Lys 
1200 1205 1210 1215 

Lys Asp Cys Ser Leu Pro Gin Ser Val Ala Val Thr Tyr Thr Leu Phe 
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1220 1225 1230 

Gin Glu Lys Lys Met Pro Leu His Ser He Ala Glu Asn Arg Leu Leu 

1235 1240 1245 

Pro Leu Thr Ala Val Gly Met His Leu Ala Gin Ala Val Lys Ala Gly 

1250 1255 1260 

Cys Pro Leu Asp Met Glu Arg Ala Gly Leu Thr Pro Glu Thr Trp Lys 

1265 1270 1275 

He lie Met Asp Val He Arg Asn Pro Pro He Asn Ser Asp Met Tyr 
1280 1285 1290 1295 

Lys Val Lys Leu He Arg Met Leu Val Pro Glu Asn He Asp Thr Tyr 

1300 1305 1310 

Leu He His Met Ala He Glu He Leu Gin Ser Gly Ser Asp Ser Arg 

1315 1320 1325 

Thr Gin Pro Pro Cys Asp Ser Ser Arg Lys Arg Arg Phe Pro Ser Ser 

1330 1335 1340 

Ala Glu Ser Cys Glu Ser Cys Lys Glu Ser Lys Glu Val Val Thr Glu 

1345 1350 1355 

Thr Lys Ala Ser Ser Ser Glu Ser Lys Arg Lys Leu Pro Glu Trp Phe 
1360 1365 1370 1375 

Ala Lys Gly Asn Val Pro Ser Ala Asp Thr Gly Ser Ser Ser Ser Met 

1380 1385 1390 

Ala Lys Thr Lys Lys Lys Gly Leu Phe Ser 
1395 1400 

[0138] mm^ ■ 3 mnc^mm •. cdna to tdrna 

muco&z : 4 2 o 6 mm 

hTKUx— : mSRft f60W?B : mouse WRN helicase 
KM : 



TGTCTATGCA 


GAGTCAAAGA 


60 


TTGAAGATAA 


TCTCCCATTC 


120 


GTGATTGCTC 


CTTCCTGTCT 


180 


GATTTGACAT 


GGAATGGCCG 


240 


TCCAGTTGTG 


TGTGTCTGAG 


300 


TCCCCCAGGG 


ATTAAAAATG 


360 


TTGAAGGGGA 


CCAGTGGAAA 


420 


AGCTGACGGA 


TGTTGCCAAT 


480 


TGGTTAAACA 


CGTCTTAGGG 


540 


GGAGTAATTT 


CCCCCTCACT 


600 


GTCTTATCAT 


CTATCAAAAA 


660 


ATAAAGCAGA 


GGAAAACCTA 


720 


AAATGAGGGA 


TCTAGCCAAT 


780 


GGGTTCCTGT 


AATATTGAAG 


840 


GTGGTCCTAC 


AAACACTGAG 


900 


CAGAAGATTC 


AGCTGCTGCT 


960 


CTAAAATTAA 


AGAAGAACCA 1020 


TTGATGTATT 


TAGAAATCAA 1080 


ATAATCTGTT 


GAGAGAAGAT 


1140 


AACTCCAAGA 


TTTGGAACAG 


1200 


TTTCTGAGCA 


TTTATCTCCC 1260 
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AATGATGATG AGAATGACTC CTCCTATATA ATTGAAAGTG ATGAAGATTT GGAAATGGAG 1320 
ATGCTGAAGT CTTTAGAAAA CCTAAATAGT GACATGGTGG AACCCACTCA CTCTAAATGG 1380 
TTGGAAATGG GAACCAATGG GTGTCTTCCT CCTGAGGAGG AAGATGGACA CGGAAATGAA 1440 
GCCATCAAAG AGGAGCAGGA AGAAGAGGAC CATTTATTGC CGGAACCCAA CGCAAAGCAA 1500 
ATTAATTGCC TCAAGACCTA TTTCGGACAC AGCAGTTTTA AACCGGTTCA GTGGAAAGTC 1560 
ATCCATTCTG TATTAGAAGA GAGAAGAGAT AATGTTGTTG TCATGGCAAC TGGATATGGG 1620 
AAGAGTCTGT GCTTCCAGTA TCCGCCTGTT TATACAGGCA AGATTGGCAT TGTCATTTCA 1680 
CCTCTCATTT CCTTAATGGA AGACCAAGTC CTCCAGCTTG AGCTATCCAA TGTTCCAGCC 1740 
TGTTTACTTG GATCTGCACA ATCAAAAAAT ATTCTAGGAG ATGTTAAATT AGGCAAATAT 1800 
AGGGTCATCT ACATAACTCC AGAGTTCTGT TCTGGTAACT TGGATCTACT CCAGAAACTT 1860 
GACTCTAGTA TTGGCATCAC TCTCATTGCT GTGGATGAGG CTCACTGCAT TTCAGAGTGG 1920 
GGCCATGATT TCAGAAGTTC ATTCAGGATG CTGGGCTCTC TTAAAACAGC GCTCCCATTG 1980 
GTTCCAGTCA TTGCACTCTC CGCTACTGCA AGCTCTTCCA TCCGGGAAGA CATTATAAGC 2040 
TGCTTAAACC TGAAAGACCC TCAGATCACC TGCACTGGAT TTGATCGGCC AAATCTGTAC 2100 
TTAGAAGTTG GACGGAAAAC AGGGAACATC CTTCAGGATC TAAAGCCGTT TCTCGTCCGA 2160 
AAGGCAAGTT CTGCCTGGGA ATTTGAAGGT CCAACCATCA TCTATTGTCC TTCGAGAAAA 2220 
ATGACAGAAC AAGTTACTGC TGAACTTGGG AAACTGAACT TAGCCTGCAG AACATACCAC 2280 
GCTGGCATGA AAATTAGCGA AAGGAAGGAC GTTCATCATA GGTTCCTGAG AGATGAAATT 2340 
CAGTGTGTTG TAGCTACTGT AGCTTTTGGA ATGGGCATTA ATAAAGCTGA CATTCGCCAA 2400 
GTTATTCATT ATGGTGCGCC TAAGGAAATG GAATCCTATT ACCAGGAAAT TGGTAGAGCT 2460 
GGCCGGGATG GACTTCAGAG TTCCTGTCAC TTGCTCTGGG CTCCAGCAGA CTTTAACACA 2520 
TCCAGGAATC TCCTTATTGA GATTCACGAT GAAAAGTTCC GGTTATATAA ATTAAAGATG 2580 
ATGGTAAAGA TGGAAAAATA CCTTCACTCC AGTCAGTGTA GGCGACGAAT CATCTTGTCC 2640 
CATTTTGAGG ACAAATGTCT GCAGAAGGCC TCCTTGGACA TTATGGGAAC TGAAAAATGC 2700 
TGTGATAATT GCAGGCCCAG GCTGAATCAT TGCCTTACTG CTAACAACTC AGAGGACGCA 2760 
TCCCAAGACT TTGGGCCACA AGCATTCCAG CTACTGTCTG CTGTGGACAT CCTGCAGGAG 2820 
AAATTTGGAA TTGGGATTCC GATCTTATTT CTCCGAGGAT CTAATTCTCA GCGTCTTCCT 2880 
GATAAATATC GGGGTCACAG GCTCTTTGGT GCTGGAAAGG AGCAAGCAGA AAGTTGGTGG 2940 
AAGACTCTTT CTCACCATCT CATAGCTGAA GGATTCTTGG TAGAGGTTCC CAAGGAAAAC 3000 
AAATATATAA AGACAJGTTC CCTCACAAAA AAGGGTAGAA AGTGGCTTGG AGAAGCCAGT 3060 
TTGCAGTCTC CTCCGAGCCT TCTCCTTCAA GCTAATGAAG AGATGTTTCC AAGGAAAGTT 3120 
CTGCTACCAA GTTCTAATCC TGTATCTCCA GAAACGACGC AACATTCCTC TAATCAAAAC 3180 
CCAGCTGGAT TAACTACCAA GCAGTCTAAT TTGGAGAGGA CGCATTCTTA CAAAGTGCCT 3240 
GAGAAAGTTT CTTCTGGGAG TAACATTCCT AAAAAAAGTG CCGTGATGCC GTCACCAGGA 3300 
ACATCTTCCA GCCCCTTAGA ACCTGCCATC TCAGCCCAAG AGCTGGACGC TCGGACTGGG 3360 
CTATATGCCA GGTTGGTGGA AGCAAGGCAG AAACACGCTA ATAAGATGGA TGTACCTCCA 3420 
GCTATTTTAG CAGCAAACAA GGTTTTGCTG GACATGGCTA AAATGAGACC GACTACTGTT 3480 
GAAAACATGA AACAGATCGA CGGTGTCTCT GAAGGCAAAG CTGCTCTGTT GGCCCCTCTG 3540 
GTGGGAGTCA TCAAACATTT CTGTCAAGTA ACTAGTGTTC AGACAGACCT CCTTTCCAGT 3600 
GCCAAACCTC ACAAGGAACA GGAGAAAAGT CAGGAGATGG AAAAGAAAGA CTGCTCACTC 3660 
CCCCAGTCTG TGGCCGTCAC ATACACTTTA TTCCAGGAAA AGAAAATGCC CTTACACAGC 3720 
ATAGCTGAGA ACAGGCTCCT GCCTCTCACA GCAGTCGGCA TGCACTTAGC CCAGGCGGTG 3780 
AAAGCCGGCT GCCCCCTGGA TATGGAGCGA GCTGGCCTGA CCCCAGAGAC TTGGAAGATT 3840 
ATTATGGATG TCATCCGAAA CCCTCCCATC AACTCAGATA TGTATAAAGT TAAACTCATC 3900 
AGAATGTTAG TTCCTGAAAA CATCGACACG TACCTCATCC ACATGGCGAT TGAGATTCTT 3960 
CAGAGTGGTT CCGACAGCAG AACCCAGCCT CCTTGTGATT CCAGCAGGAA GAGGCGTTTC 4020 
CCCAGCTCTG CAGAGAGTTG TGAGAGCTGT AAGGAGAGCA AAGAGGTGGT CACCGAGACC 4080 
AAGGCATCAT CTTCAGAGTC AAAGAGAAAA TTACCTGAGT GGTTTGCCAA AGGAAATGTG 4140 
CCCTCAGCTG ATACCGGCAG CTCATCATCA ATGGCCAAGA CCAAAAAGAA AGGTCTCTTT 4200 
AGTTAA 4206 
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[oi39] sm&} : 4 

IS?iJ^^$ : 2 4 
ffiyiJtfOM : KSg 

CGCCAGGGTT TTCCCAGTCA CGAC 

[0140] mmm^ ■■ 5 

K3»JO£S : 2 2 
I!?'J<DM : Kit 

BH = 

TCACACAGGA AACAGCTATG AC 
[0141] E5!l## : 6 
E?i|<D££ : 1 9 

ia^ij^a : Kgg 

mi : 

GATTTAGGTG ACACTATAG 
[0142] Sffim^ : 7 
E?'JcO#£ : 2 0 

mi 

TAATACGACT CACTATAGGG 

[0143] mm^- : 8 

m?>lcD-&Z : 2 2 

mm ■■ 

ACCGCTTGGG ATAAGTGCAT GC 

[0144] mm^r : 9 

E?iJeo*S : 2 4 

e#icos : mm 

mm : 

GCATTAATAA AGCTGACATT CGCC 

[0145] m^m^r : 1 0 
mmcD&z : 2 7 
mrn^orn ■. mm 

mm : 

GCTGGAATGC TTGTGGCCCA AAGTCTT 

[oi46] mmm^r ■. 1 1 
mm<o^ : 2 8 

mm : 

TGAAGTCCAT TCCCGGCCAG CTCTACCG 

[0147] mmm^r ■. 1 2 

E?'Jtf);ft$ : 3 0 

EWwa : mm 

mm 

TCTCCAGCAG CAGCTGATCT TCTGATGACA 

[0148] eh#* : 1 3 
mmcoM^ : 2 7 

E#l<0£ : 

TGGACGCTCG GACTGGGCTA TATGCCA 



mom. : -*« 

ESfcOWH : ffiCD&g? ( -aBEDN A ) 

24 

isotsc : -#* 

mmnmm ■. \mmm (^«dna) 

22 

mm. ■. -*m 

hxwj- : mm 

mrn^mm ■. \mmm ( n a ) 

19 

&<m : -#« 

E*I*>»B : fficO&gg ( HrfiKD N A ) 

20 

E?i|cOSii : ffi^gg (^DNA) 

22 

mmcomm -. fa<o«s (^dna> 

24 

*<0» : -*8 

E*l<0S» : fficO^gg (MDNA) 

27 

gOft : -*« 
b^n^- : 

mmcomm ■. mum imdna) 

28 

mcom : -*« 

e?'J<oiss : mcotm ( ^fiSD N A ) 

30 

hifny- : mm®. 

mmcom® ■. itwmm ( £j*d n a > 

27 
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[0149] ie^"J#-^ : 1 4 



KM : 



AGCTGCTCTG TTGGCCCCTC TGGTGG 



26 



[0150] mmm^r 1 5 

EflKOfiS : 2 7 



EM : 



CCATCCTAAT ACGACTCACT ATAGGGC 



27 



[0151] mm^r : 1 6 
EM^OJIS : 2 3 



SMcOWi : ffi^^lt ( N A ) 



EM : 



ACTCACTATA GGGCTCGAGC GGC 



23 



[0152] EM*# ■■ 1 7 
EM«0«3 : 1 4 04 

Eakos : mm 



EM<08S : cDNA to raRNA 

mm 

ftK^fffg : mouse WRN helicase 



EM : 



GCATTAATAA AGCTGACATT CGCCAAGTTA TTCATTATGG TGCGCCTAAG GAAATGGAAT 60 
CCTATTACCA GGAAATTGGT AGAGCTGGCC GGGATGGACT TCAGAGTTCC TGTCACTTGC 120 
TCTGGGCTCC AGCAGACTTT AACACATCCA GGAATCTCCT TATTGAGATT CACGATGAAA 180 
AGTTCCGGTT ATATAAATTA AAGATGATGG TAAAGATGGA AAAATACCTT CACTCCAGTC 240 
AGTGTAGGCG ACGAATCATC TTGTCCCATT TTGAGGACAA ATGTCTGCAG AAGGCCTCCT 300 
TGGACATTAT GGGAACTGAA AAATGCTGTG ATAATTGCAG GCCCAGGCTG AATCATTGCC 360 
TTACTGCTAA CAACTCAGAG GACGCATCCC AAGACTTTGG GCCACAAGCA TTCCAGCTAC 420 
TGTCTGCTGT GGACATCCTG CAGGAGAAAT TTGGAATTGG GATTCCGATC TTATTTCTCC 480 
GAGGATCTAA TTCTCAGCGT CTTCCTGATA AATATCGGGG TCACAGGCTC TTTGGTGCTG 540 
GAAAGGAGCA AGCAGAAAGT TGGTGG AAGA CTCTTTCTCA CCATCTCATA GCTGAAGGAT 600 
TCTTGGTAGA GGTTCCCAAG GAAAACAAAT ATATAAAGAC ATGTTCCCTC ACAAAAAAGG 660 
GTAGAAAGTG GCTTGGAGAA GCCAGTTTGC AGTCTCCTCC GAGCCTTCTC CTTCAAGCTA 720 
ATGAAGAGAT GTTTCCAAGG AAAGTTCTGC TACCAAGTTC TAATCCTGTA TCTCCAGAAA 780 
CGACGCAACA TTCCTCTAAT CAAAACCCAG CTGGATTAAC TACCAAGCAG TCTAATTTGG 840 
AGAGGACGCA TTCTTACAAA GTGCCTGAGA AAGTTTCTTC TGGGAGTAAC ATTCCTAAAA 900 
AAAGTGCCGT GATGCCGTCA CCAGGAACAT CTTCCAGCCC CTTAGAACCT GCCATCTCAG 960 
CCCAAGAGCT GGACGCTCGG ACTGGGCTAT ATGCCAGGTT GGTGGAAGCA AGGCAGAAAC 1020 
ACGCTAATAA GATGGATGTA CCTCCAGCTA TTTTAGCAGC AAACAAGGTT TTGCTGGACA 1080 
TGGCTAAAAT GAGACCGACT ACTGTTGAAA ACATGAAACA GATCGACGGT GTCTCTGAAG 1140 
GCAAAGCTGC TCTGTTGGCC CCTCTGGTGG GAGTCATCAA ACATTTCTGT CAAGTAACTA 1200 
GTGTTCAGAC AGACCTCCTT TCCAGTGCCA AACCTCACAA GGAACAGGAG AAAAGTCAGG 1260 
AGATGGAAAA GAAAGACTGC TCACTCCCCC AGTCTGTGGC CGTCACATAC ACTTTATTCC 1320 
AGGAAAAGAA AATGCCCTTA CACAGCATAG CTGAGAACAG GCTCCTGCCT CTCACAGCAG 1380 
TCGGCATGCA CTTATCCCAA GCGG 1404 



[0153] mm^- : 1 8 

EJfcOfiS : 17 8 1 



EM<0«H : cDNA to mRNA 

mm 

fl&tf>tiBR : mouse WRN helicase 
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TCTAAATAAA GCAGAGGAAA ACCTACCTCT GGAGATGAAG AAACAGTTGA ATTTAATCTC 60 
CGAAGAAATG AGGGATCTAG CCAATCGTTT T CCAGTCA CT TGCAGAAATT TGGAAACTCT 120 
CCAGAGGGTT CCTGTAATAT TGAAGAGTAT TTCAGAAAAT CTCTGTTCAT TGAGAAAAGT 180 
GATCTGTGGT CCTACAAACA CTGAGACTAG ACTGAAGCCG GGCAGTAGTT TTAATTTACT 240 
GTCATCAGAA GATTCAGCTG CTGCTGGAGA AAAAGAGAAA CAGATTGGAA AACATAGTAC 300 
TTTTGCTAAA ATTAAAGAAG AACCATGGGA CCCAGAACTT GACAGTTTAG TGAAGCAAGA 360 
GGAGGTTGAT GTATTTAGAA ATCAAGTGAA GCAAGAAAAA GGTGAATCTG AAAATGAAAT 420 
AGAAGATAAT CTGTTGAGAG AAGATATGGA AAGAACTTGT GTGATTCCTA GTATTTCAGA 480 
AAATGAACTC CAAGATTTGG AACAGCAAGC TAAAGAAGAA AAATATAATG ATGTTTCTCA 540 
CCAACTTTCT GAGCATTTAT CTCCCAATGA TGATGAGAAT GACTCCTCCT ATATAATTGA 600 
AAGTGATGAA GATTTGGAAA TGGAGATGCT GAAGTCTTTA GAAAACCTAA ATAGTGACAT 660 
GGTGGAACCC ACTCACTCTA AATGGTTGGA AATGGGAACC AATGGGTGTC TTCCTCCTGA 720 
GGAGGAAGAT GGACACGGAA ATGAAGCCAT CAAAGAGGAG CAGGAAGAAG AGGACCATTT 780 
ATTGCCGGAA CCCAACGCAA AGCAAATTAA TTGCCTCAAG ACCTATTTCG GACACAGCAG 840 
TTTTAAACCG GTTCAGTGGA AAGTCATCCA TTCTGTATTA GAAGAGAGAA GAGATAATGT 900 
TGTTGTCATG GCAACTGGAT ATGGGAAGAG TCTGTGCTTC CAGTATCCGC CTGTTTATAC 960 
AGGCAAGATT GGCATTGTCA TTTCACCTCT CATTTCCTTA ATGGAAGACC AAGTCCTCCA 1020 
GaTGAGCTA TCCAATGTTC CAGCCTGTTT ACTTGGATCT GCACAATCAA AAAATATTCT 1080 
AGGAGATGTT AAATTAGGCA AATATAGGGT CATCTACATA ACTCCAGAGT TCTGTTCTGG 1140 
TAACTTGGAT CTACTCCAGA AACTTGACTC TAGTATTGGC ATCACTCTCA TTGCTGTGGA 1200 
TGAGGCTCAC TGCATTTCAG AGTGGGGCCA TGATTTCAGA AGTTCATTCA GGATGCTGGG 1260 
CTCTCTTAAA ACAGCGCTCC CATTGGTTCC AGTCATTGCA CTCTCCGCTA CTGCAAGCTC 1320 
TTCCATCCGG GAAGACATTA TAAGCTGCTT AAACCTGAAA GACCCTCAGA TCACCTGCAC 1380 
TGGATTTGAT CGGCCAAATC TGTACTTAGA AGTTGGACGG AAAACAGGGA ACATCCTTCA 1440 
GGATCTAAAG CCGTTTCTCG TCCGAAAGGC AAGTTCTGCC TGGGAATTTG AAGGTCCAAC 1500 
CATCATCTAT TGTCCTTCGA GAAAAATGAC AGAACAAGTT ACTGCTGAAC TTGGGAAACT 1560 
GAACTTAGCC TGCAGAACAT ACCACGCTGG CATGAAAATT AGCGAAAGGA AGGACGTTCA 1620 
TCATAGGTTC CTGAGAGATG AAATTCAGTG TGTTGTAGCT ACTGTAGCTT TTGGAATGGG 1680 
CATTAATAAA GCTGACATTC GCCAAGTTAT TCATTATGGT GCGCCTAAGG AAATGGAATC 1740 
CTATTACCAG GAAATTGGTA GAGCTGGCCG GGATGGACTT C 1781 



GGCAGGCGCC AGACCAGAAG TGCACCGAGG CGCCCGTTGG TATAAAGTTA GTAAATGTGA 60 

GGCCTGTCTC GATGCCTGGG TCCTGGGCTT TGGTTCTCAG TCCTCCATAA ATCATCCTGC 120 

TGGAGGAGAA GACCCTTAGA TCTGGCTCTT CTCAGGGGCA TTTTAAAGAC AAATGAAAAT 180 

AAAATGGAAA CCACTTCACT ACAGCGGAAA TTTCCAGAAT GGATGTCTAT GCAGAGTCAA 240 

AGATGTGCTA CAGAAGAAAA GGCCTGCGTT CAGAAGAGTG TTCTTGAAGA TAATCTCCCA 300 

TTCTTAGAAT TCCCTGGATC CATTGTTTAC AGTTATGAAG CTAGTGATTG CTCCTTCCTG 360 

TCTGAAGACA TTAGCATGCG TCTGTCTGAT GGCGATGTGG TGGGATTTGA CATGGAATGG 420 

CCGCCCATAT ACAAGCCAGG GAAACGAAGC AGAGTCGCAG TGATCCAGTT GTGTGTGTCT 480 

GAGAACAAAT GTTACTTGTT TCACATTTCT TCCATGTCAG TTTTCCCCCA GGGATTAAAA 540 

ATGTTACTAG AAAACAAATC AATTAAGAAG GCAGGGGTTG GGATTGAAGG GGACCAGTGG 600 

AAACTTCTGC GTGATTTTGA CGTCAAGTTG GAGAGTTTTG TGGAGQGAC GGATGTTGCC 660 

AATGAAAAGT TGAAGTGCGC AGAGACCTGG AGCCTCAATG GTCTGGTTAA ACACGTCTTA 720 

GGGAAACAAC TTTTGAAAGA CAAGTCCATC CGCTGCAGCA ATTGGAGTAA TTTCCCCCTC 780 



[0154] mm^r : 1 9 

EWcOfiS : 1 1 64 

sm<om : tm 



W*\<KWfc : cDNA to mRNA 

mm 

fl&Offfffi : mouse WRN he li case 
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ACTGAGGACC AGAAACTGTA TGCAGCCACT GATGCCTATG CTGGTCTTAT CATCTATCAA 840 

AAATTAGGAA ATTTGGGTGA TACTGTGCAA GTGTTTGCTC TAAATAAAGC AGAGGAAAAC 900 

CTACCTCTGG AGATGAAGAA ACAGTTGAAT TTAATCTCCG AAGAAATGAG GGATCTAGCC 960 

AATCGTTTTC CAGTCACTTG CAGAAATTTG GAAACTCTCC AGAGGGTTCC TGTAATATTG 1020 

AAGAGTATTT CAGAAAATCT CTGTTCATTG AGAAAAGTGA TCTGTGGTCC TACAAACACT 1080 

GAGACTAGAC TGAAGCCGGG CAGTAGTTTT AATTTACTGT CATCAGAAGA TTCAGCTGCT 1140 

GCTGGAGAAA AAGAGAAACA GATT 1164 
[0155] E?lJ#^ : 2 0 EfflnWm : cDNA to raRNA 
«ffl<7)&2 : 1 2 7 6 fijjg 

h^Dy- : fficOtflg : mouse WRN helicase 

mm : 

GCTGCTCTGT TGGCCCCTCT GGTGGGAGTC ATCAAACATT TCTGTCAAGT AACTAGTGTT 60 

CAGACAGACC TCCTTTCCAG TGCCAAACCT CACAAGGAAC AGGAGAAAAG TCAGGAGATG 120 

GAAAAGAAAG ACTGCTCACT CCCCCAGTCT GTGGCCGTCA CATACACTTT ATTCCAGGAA 180 

AAGAAAATGC CCTTACACAG CATAGCTGAG AACAGGCTCC TGCCTCTCAC AGCAGTCGGC 240 

ATGCACTTAG CCCAGGCGGT GAAAGCCGGC TGCCCCCTGG ATATGGAGCG AGCTGGCCTG 300 

ACCCCAGAGA CTTGGAAGAT TATTATGGAT GTCATCCGAA ACCCTCCCAT CAACTCAGAT 360 

ATGTATAAAG TTAAACTCAT CAGAATGTTA GTTCCTGAAA ACATCGACAC GTACCTCATC 420 

CACATGGCGA TTGAGATTCT TCAGAGTGGT TCCGACAGCA GAACCCAGCC TCCTTGTGAT 480 

TCCAGCAGGA AGAGGCGTTT CCCCAGCTCT GCAGAGAGTT GTGAGAGCTG TAAGGAGAGC 540 

AAAGAGGTGG TCACCGAGAC CAAGGCATCA TCTTCAGAGT CAAAGAGAAA ATTACCTGAG 600 

TGGTTTGCCA AAGGAAATGT GCCCTCAGCT GATACCGGCA GCTCATCATC AATGGCCAAG 660 

ACCAAAAAGA AAGGTCTCTT TAGTTAAGAT GACAACGATG GAACAGTTTG TGTGTCCTAC 720 

ATCTTCATTC CTATAAAGAA TGAAAAGAAA TATTTTAACC TCAAAATTAT TTAAAGTCCA 780 

AAGTGAAGCT CACCTAAACG TCGAGCCATA GAGTCTTTAA TTGCCCGTTG GCAGTTGAGC 840 

TACAGTATCT GAACCTTCTG AGACCCGGAG TGCAGCATAG ACTGTGAAGT CGGCTTCCTT 900 

TCCGATTGCC TTCCGAACCG GTGCCACTGT CAGGTTGCAG TTTTTCTTTT TTTGCAGCAG 960 

TGTGTGTTGG AAATGGAGGC TGTGTCGCTT TGACATATAG AACAGATCAA TAGTTGCATA 1020 

GGGACAGATA TGAAGATACA GCCGGTCTTT GCTTTCTTAT GCAGATGCCT GTATGACAGT 1080 

ATCAGTGCAC CAGCCCAGCC AGGGAGAATC AGCTTCCATT TAAAAAGGGA AAGCGGACAA 1140 

GGACTCCAGT TACAGAAACA ACTAAATTTT ATGCATTTTC TGCAGTTTTT ATTATTTCTC 1200 

AATCAAAAGT GTTTTTTGTA CTGAATAGTA AATATACTAA ATTTTCATTT TTTAAAAAAA 1260 
AAAAAAAAAA AAAAAA 

[02] V^WRN lfif*«3-Ht*?WV«* [05] V**WRN &fc^<F> y h IZ ± hM 

[03] V^XWRN »fe^£#tfBAC DNA SrfflCVfc FIS 
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(3) 

API 

^ I $t LD PCR 



2ndLDHC« 
APE 



5'[iSP3 



API 



[HI] 



(1) 

iiiiiiiiiiimiMimii until mRNA 

AG1911 



cDMA 



PCR A61897 







3'GSPI 3*C5PZ 














5W3 


5'GSPZ 5'GSPl 





S'GSP2 



(2) 
1st LOPCR 



2nd LD PCR VGSP1 



1 



S'GSP2 



(4) 

3'GSPI 

1st LD PCR 



3JgP2 



2nd LD PCR 



(5) 



±RcDNA 




8.6— 



(29) 
[H2] 



mW? 10-146188 



(A) 



aa # 



WRN/mouse 
WRH/hunan 
RecQi/hunwn 
RecQ/E.coli 



I 



533 VYH*rGYGKSLCFQ 
G46 AVK&IGYGKSLCFQ 

in lvmptSoKICcyq 



557 IVISPLISLHE1 
671 LVI5PLISLMEI 



135 LVICPLISLHEI 
69 VWSPLI^- ■- 




628 LIAVDEAHCIS 
741 LIAVDL 

215 RIAVDF 

14? LLAVOEAHCIS 



in 

664 IALSATASSSIR 
777 VALTATASSSIR 
251 IGLTATATNHVL 
178 MALTATA0OTTR 

nntt * 



IV 



VfRN/nouse 
WRN/hunwn 



73d GPTIIYCPSRKMTEOV 



784 IATIAFCMGINKADIRQV I 
896 IATIAFGMGINKADIRQVT 
368 VA I VAFGMGI DKPDVRFVI 
291 VAlVAFGMGINKPKVRFVV 

tt mttvt • t v 



VI 



81? Sr 
924 sr ._ 
397 NYYfi _ . 
319 SYYQETGRAGR 

•tm n::t 




Accession U 
D86526-7 

D3?ll4 
P15&43 




[03] 
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SUGAWARA MINORU 
FURUICHI YASUHIRO 



(54) MOUSE GENE CORRESPONDING TO CAUSATIVE GENE OF HUMAN WERNER'S 
SYNDROME AND PROTEIN FOR WHICH THE GENE CODES 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain the subject new 
gene corresponding to a causative gene of human 
Werner's syndrome (WRN) f consisting of a mouse WRN 

gene coding for a polypeptide containing a specific amino • , L ■ • , T . ■ 

Y Bel LIU 'ill .'.H *kt T.HM \Ub trg ~K IThr %tj Olu Hp US' -vr 

acid sequence and useful as a reagent for detecting a : •> m j:. 

WRN gen e, etc • * ■ i sc i c i n ,y * ttz c n v - t?» ai * 2y? ¥ »- tin it* 

SOLUTION: A new mouse WRN gene coding for a , & ^ 

polypeptide substantially containing an amino acid [ 
sequence expressed by the formula. The gene j 

corresponds to a causative gene of human Werner's 1 , . . 

syndrome, is useful for a study to elucidate the relation ia3?: irr 

to the occurrence of human WRN and to clarify a ^> i>v«n» a^u^M 1 ? m u^t ti* s»r ;*r V 

mechanism controlling the homeostasis of a living body, iu^^iy^ u * B :> i^>r 

and is useful as a diagnostic probe for tests or kcu 

prophylaxis of diseases related to the occurrence of 

WRN, etc. This gene is obtained by amplifying a DMA 

fraction having a partial sequence high in homology to 

the human WRN gene, and a DNA fraction whose 

sequence is unknown and a 3'-terminal-having DNA 

fraction whose sequence is unknown, both of these DNA fractions existing at the upstream side 
from that DNA fraction, and further fusing these DNA fractions. 



* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A mouse WRN gene which encodes polypeptide which includes substantially an amino 
acid sequence expressed with the array number 2. 

[Claim 2]The gene according to claim 1 which is that in which a mouse WRN gene includes 
substantially a base sequence expressed with the array number 3. 

[Claim 3]A mouse WRN gene which includes substantially a base sequence expressed with the 
array number 1. 

[Claim 4] At least a part of gene given in any 1 paragraph of claims 1-3, and an oligonucleotide 
probe to hybridize. 

[Claim 5]A recombinant DNA which contains a gene of a statement in any 1 paragraph of claims 
1-3. 

[Claim 6]A transformant transformed by the recombinant DNA according to claim 5. 
[Claim 7]A manufacturing method of this polypeptide extracting polypeptide which a mouse WRN 
gene encodes from a culture obtained by cultivating the transformant according to claim 6. 
[Claim 8]Polypeptide which a mouse WRN gene which includes substantially an amino acid 
sequence expressed with the array number 2 encodes. 

[Claim 9]A monoclonal antibody which reacts to the polypeptide according to claim 8 specifically. 

[Claim 10]A polyclonal antibody which reacts to the polypeptide according to claim 8 specifically. 

[Claim 1 1]A hybridoma which is obtained by uniting an antibody forming cell and a myeloma cell 
by which immunity was carried out by the polypeptide according to claim 8 and which produces 
the monoclonal antibody according to claim 9. 

[Claim 1 2]A reagent for detection of a mouse WRN gene containing the oligonucleotide probe 
according to claim 4. 

[Claim 13]A kit for detection / diagnosis of Werner syndrome containing the polypeptide 
according to claim 8 and the monoclonal antibody according to claim 9, or the polyclonal 
antibody according to claim 10. 

[Claim 14] A knockout mouse processed so that a function of a gene given in any 1 paragraph of 
claims 1-3 might be lost. 

[Claim 15]A transgenic animal into which a gene embellished so that a gene expression level of a 
statement might be gone up or descended to any 1 paragraph of claims 1-3 was introduced. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the use of the manufacturing method of the 
protein which the new mouse gene corresponding to the gene of cause of human Werner 
syndrome and this gene encode, and this protein, this protein, and this gene. 
[0002] 

[Description of the Prior Art]Werner syndrome is an autosomal recessive inheriary disease which 
presents the complicated condition of disease closely connected with aging. It is known that 
Werner syndrome shows the feature seen by common old man at a youth term, for example, 
canities-izing, HAGE, diabetes mellitus, a heart disease, cancer, the regression of the skin, 
scleroderma Mr. change of the skin, the juvenile cataract, the senium precox, gonadal 
hypofunction, etc. 

[0003]By the way, when the skin cells of Werner syndrome patient origin (fibrocyte) are cultured, 
the division lives (a passage number, the number of times which can carry out cell division, etc.), 
it is known experimentally that it is remarkably short compared with the division life of the 
fibrocyte from a healthy person of the same age (Richard G.A. Faragher et al. and 
Proc.Natl.Acad.Sci.USA.VoL90.) pp1 2030-1 2034 (1993). These facts are among those in which 
the Werner gene which causes Werner syndrome has originally controlled the human aging 
process. 

It has suggested that a certain variation has taken place to this gene. 

[0004]Therefore, using this gene for gene therapy, gene diagnosis, etc. is expected by carrying 
out cloning of the Werner gene. Conventionally, as for the Werner gene, the thing of the Homo 
sapiens origin is known (Science, 272,258-262, 1996). However, since aging is not what is 
restricted to Homo sapiens, it is possible that the gene which is equivalent to the Werner gene 
also in animals other than Homo sapiens exists. 
[0005] 

[Problem(s) to be Solved by the Invention]An object of this invention is to provide the use of the 
manufacturing method of the protein which the human new mouse gene and this gene 
corresponding to a gene of cause of Werner syndrome encode, and this protein, this gene, and 
this protein. 
[0006] 

[Means for Solving the Problem]As a result of inquiring wholeheartedly based on an 
aforementioned problem, this invention person succeeds in carrying out cloning of the mouse 
WERUNA gene (mouse WRN gene) from RNA of a mouse testis or spleen origin, and came to 
complete this invention. That is, this invention is aTnouse WRN gene which encodes polypeptide 
which includes substantially an amino acid sequence expressed with the array number 2. What 
includes substantially a base sequence expressed with the array number 1 or 3, for example as 
this gene is mentioned. 

[0007]As long as it has here a function in which polypeptide of this invention brings about 
Werner syndrome, with a "real target", As long as it has a function in which a mouse WRN gene 



of this invention makes polypeptide of this invention reveal, it means that variation, such as 
deletion, substitution, addition, and insertion, may arise in an amino acid sequence included in the 
polypeptide concerned, or a base sequence of the gene concerned. 
[0008]Therefore, that etc. in which the 1st methionine (Met) of an amino acid sequence 
expressed with the array number 2, for example is carrying out deletion are contained in protein 
by change of this amino acid sequence. A degeneracy isomer which encodes the same different 
polypeptide only in a degenerate codon besides a base sequence which encodes amino acid 
contained in polypeptide of this invention is also contained in a gene of this invention. 
[0009]This inventions are said at least a part of mouse WRN gene and an oligonucleotide probe 
to hybridize. This invention is a recombinant DNA containing said mouse WRN gene. This 
invention is the transformant transformed by said recombinant DNA. 

[0010]This invention is a manufacturing method of this polypeptide extracting polypeptide which 
a mouse WRN gene encodes from a culture obtained by cultivating said transformant. This 
invention is polypeptide which includes substantially an amino acid sequence expressed with the 
array number 2 and which a mouse WRN gene encodes. 

[001 1]This invention is a monoclonal antibody or a polyclonal antibody which reacts to said 
polypeptide specifically. This invention is a hybridoma which is obtained by uniting an antibody 
forming cell and a myeloma cell by which immunity was carried out by said polypeptide and which 
produces said monoclonal antibody. 

[0012]This invention is a reagent for detection of a mouse WRN gene containing said 
oligonucleotide probe. This invention is a kit for detection / diagnosis of Werner syndrome 
containing said polypeptide and said monoclonal antibody, or a polyclonal antibody. 
[0013]This invention is a knockout mouse processed so that a function of said mouse WRN gene 
might be lost, or the transgenic animal into which a gene embellished so that a mouse WRN gene 
expression level might be gone up or descended was introduced. Hereafter, this invention is 
explained in detail. 
[0014] 

[Embodiment of the Invention]The gene (mouse WRN gene) of the mouse corresponding to the 
gene of cause of the Werner ** of Homo sapiens who became clear by this invention encodes 
what includes substantially the amino acid sequence expressed with the array number 2. The 
polypeptide of this invention contains seven helicase motifs well saved between Homo sapiens 
and a mouse in an amino acid level, as shown in drawing 2 . From the result of FISH shown in 
drawing 3 , it was checked that the mouse WRN gene of this invention exists in 8 A4 of the 
mouse chromosome No. 8th so that clearly, which clarified a possibility that the mouse WRN 
gene existed as a single copy on a mouse genome, by the southern blot analysis, this invention 
persons ( drawing 4 A). From the analysis result by Zoo Blot, since the gene of the other type 
living thing origin equivalent to a mouse WRN gene had the base sequence and homology of a 
mouse WRN gene, it can carry out cloning by ( drawing 4 B) and known art. 

[0015]From the multi-organization (Multi-Tissue) northern-blot-analysis result ( drawing 5 ) which 
investigates how the mouse WRN gene is revealed in various organs, a mouse WRN gene, It 
turned out that it is strongly revealed in a spleen and a testis, and is revealed to a degree in the 
middle in a lung, liver, and the kidney, and a small deer manifestation has not been carried out in 
a brain, the heart, and skeletal muscle. 

[0016]Synthesis of the above result will suggest strongly that a mouse WRN gene is one of the 
genes in connection with fundamental constant maintenance of ( drawing 5 ) and a living body 
since it was saved comparatively well ( drawing 4 B) and the high manifestation was accepted in 
various organizations of a mouse over the seed. The gene of this invention is useful to the 
research for solving relation with the human Werner syndrome onset, and to it a break through of 
this gene expression control, Also when solving the mechanism which manages constant 
maintenance of a living body, it is useful also to the invention of the new drugs for maintaining 
the fundamental homeostasis of a life useful. 

[0017]The mouse WRN gene of this invention can be identified as follows, and can be acquired, 
for example. 

I. The cloning mouse WRN gene of a mouse WRN gene, It is based on two principles, the Long- 



distance (LD) PCR method and the Suppression PCR method, and is RACE (M.A.et Rapid 
Amplification of cDNA Ends; Frohman). It can obtain by performing al. f Methods EnzymoI.Vol.218, 
and pp340-358 (1993). Namely, the DNA fragment in which a mouse WRN gene has a high partial 
sequence of a human WRN gene and homology, And the DNA fragment in which are a DNA 
fragment which has the DNA fragment and three-dash terminal which are located in the upper 
stream, and in which are a DNA fragment (the DNA fragment which has a five prime end is 
included), and arrangement is strange, and arrangement is stranger than this DNA fragment is 
amplified, It can obtain as cDNA of perfect length by fusion of these DNA fragments. 
[0018]In this invention, cloning of cDNA of perfect length can be performed, for example using a 

commercial kit (Marathon™cDNA Amplification Kit;CLONETECH). The outline of cloning of 
cDNA is shown in drawing 1 . 

[0019]First, the DNA fragment (partial cDNA fragment) which has a high partial sequence of the 
Homo sapiens WRN gene of a mouse derived and homology is amplified. Although this partial 
cDNA fragment is strange, it can acquire arrangement from a mouse testis or poly(A)+RNA of 
spleen origin. That is, cDNA is compounded using reverse transcriptase from this RNA, and a 
partial cDNA fragment is prepared by RT-PCR ( drawing 1 (1), frame enclosure portion). Next, 
after determining the arrangement of the obtained partial cDNA fragment, four kinds of gene 
specific primers (GSP) are designed based on the arrangement of this partial cDNA fragment 
(5 f GSP1, 5'GSP2, 3'GSP1, and 3'GSP2). GSP is a primer needed in order to amplify what has the 
arrangement of the DNA fragment which exists in the field by the side of 5 'a side and 3' 
stranger than the partial cDNA arrangement concerned. The arrangement of GSP can be 
arbitrarily chosen from the partial cDNA arrangement concerned, and the arrangement can be 
acquired by chemosynthesis. this invention — the portion cDNA concerned — 5' — setting to 5 
? GSP1 and 5' GSP2 GSP used when amplifying near strange arrangement — the portion cDNA 
concerned — 3' — GSP used when amplifying near strange arrangement is set to 3 'GSP1 and 
3' GSP2 (frame enclosure portion of drawing 1 (1)). 

[0020]Next, the DNA fragment which exists in 5 'side and 3' side from the portion cDNA is 
amplified. cDNA (for example, cDNA Ready™ of CLONETECH) of the origin of a commercial 
mouse testis, a spleen, etc. as a mold It can use. Although the arrangement of the DNA fragment 
used as this mold is strange, adapter arrangement is added to the end of each DNA fragment. 
Then, the amplification reaction (LD PCR) of a cDNA fragment with strange arrangement with 
which the adapter was connected is performed twice, using as a primer the primer (it is called an 
adapter primer (AP)) hybridized in adapter arrangement, and said GSP. 

[0021 ]For example, the fragment obtained by performing PCR using AP1 and 5'GSP1 first in the 
reaction of drawing 1 (2) is used as a mold, Next, PCR is performed using the primer (AP2 and 
5'GSP2) which can be hybridized to the field inside the position of said AP1 and 5'GSP1 (nested 
PCR). The same may be said of drawing 1 (3) and the reaction of (4). However, about 5'GSP3 
used for the reaction of drawing 1 (3), after determining the arrangement of the reaction product 
acquired at the reaction of drawing 1 (2), it is designed based on the arrangement concerned. 
[0022]It is based on the position of a partial cDNA fragment (expressed with the array number 
17) in this invention, It is a DNA fragment located in the upper stream rather than this 5*-RAGE- 
1 A product and 5'-RACE-2 It is considered as a product (they are drawing 1 (2) and a reaction 
product of (3), respectively), and the DNA fragment located downstream is used as a 3'-RACE 
product (reaction product of drawing 1 ( 4)). 

[0023]Since AP has the same arrangement as the cohesive end of an adapter, annealing is not 
carried out to an adapter but it elongates only from gene specific primers (GSP) in the first 
amplification (this is called Suppression PCR). 

[0024]Next, 5'-RACE-1 produced by making it above The assembly of a product and a 5'- 
RACE-2 product, partial cDNA fragment, and 3'-RACE product is performed. That is, annealing 
of the portion overlapped between each fragment is carried out. The assembly of each above- 
mentioned product can be performed according to the description of a kit (cDNA 
Ready™;CLONETECH). As a result, cDNA of perfect length including 5 - and 3-both ends is 
obtained ( drawing 1 (5)). 



[0025]A decision of the base sequence of obtained cDNA is made by the method which used as 
the base PCR indicated by Hattori and others [Electrophoresis 13,560-565] (1992). Namely, it 
reacts using PRISM Sequenceing Kit containing the fluorescence die deoxy terminator made 
from Perkin Elmer, Auto sequencer made from Applied Biosystem (model ABI 373) A base 
sequence is read and data is analyzed by attached Macintosh computer. 

[0026]Said 5 -RACE-1 A base sequence can be similarly determined about a product and a 5 - 
RACE-2 product, partial cDNA fragment, and 3-RACE product, and it can obtain as a partial 
fragment of a mouse WRN gene, respectively. 

[0027]Once a base sequence is determined, a desired gene can be obtained after that 
chemosynthesis, PCR using the primer compounded from the determined base sequence 
concerned, or by making the DNA fragment which has this base sequence hybridize as a probe. 
[0028]It is 5-RACE-2 to 5-RACE-1 product and the array number 19 in the array number 18. 
Although a 3-RACE product is illustrated to the high partial cDNA fragment of the Homo 
sapiens WRN gene and homology, and the array number 20 and the base sequence of a WRN 
gene is illustrated to a product and the array number 17 at the array numbers 1 and 3, If it is the 
arrangement which supports WRN gene activity intrinsically, it is possible to introduce variation 
into that base sequence by not the thing limited to this arrangement but deletion, insertion, 
substitution, addition, etc. Introduction of variation is performed by the publicly known mutation 
introducing method (for example, method using TAKARA LA PCR in vitro Mutagenesis kit of 
TAKARA SHUZO CO., LTD.) etc. 

[0029]II. In Dual-color FISH analysis this invention using BAC DNA. Dual-color FISH analysis 
using BAC DNA containing cDNA obtained by said cloning for the purpose of checking the 
existence position on the chromosome of a mouse WRN gene is conducted. 
[0030]FISH (Fluorescence in situ hybridization) is the method of detecting in the form which 
makes the DNA probe which labeled fluorescently hybridize and is a foregone conclusion about 
the position of the DNA on a nucleus. As a specimen, the cell of the metaphase interkinesis or a 
chromosome can be seen clearly is used. 

[0031 ]The cell of the metaphase can be obtained in the following procedure. A mouse embryo 
nature stem cell (EmbrionicStem cell; henceforth an embryonic stem cell) is stimulated by a 
phytohemagglutinin (PHA), cell division is promoted, and division is stopped by the metaphase 
using colcemid. A cell is extended on a slide glass, after fixing with acetic acid/methanol solution. 
The specimens on a slide glass are a formamide and SSC. [Standard Saline Citrate; It is made to 
denaturalize by 0.1 5M NaCI and 0.01 5M Sodium Citrate] (pH 7.0). Next, the sign was carried out 
with the digoxigenin or biotin. If a DNA probe is made to react, this sign DNA will be hybridized 
with a specimen. Next, if it processes and labels fluorescently by an anti-digoxigenin antibody or 
FITC-sign avidin etc. which carried out the RODAMIN sign, the position which the DNA probe 
hybridized can be seen [ FITC / red and ] as a green signal about RODAMIN. 
[0032]III. The restriction enzyme etc. cut with the analysis Southern blotting by the analysis (1) 
Southern blotting of cDNA clone. It is a technique aiming at detecting the gene made into the 
purpose out of a DNA fragment. 

[0033] First, a DNA fragment is separated according to the difference in size by the 
electrophoresis of agarose gel. Next, by alkali and a salt, DNA is denatured and it moves to a 
nitrocellulose filter. It is made to hybridize with the probe which carried out the sign of this filter 

by [ 32 P], and a filter is applied to autoradiography. As a result, the hybridized DNA fragment is 
detected. By using this method, existence of the number of genes (copy number) and a family 
etc. can be known. As a probe, the fragment (oligonucleotide) containing said at least a part of 
perfect length cDNA is used. For details, it describes in Example 3. 

[0034](2) The analysis Northern blot by a Northern blot is a technique for detecting specific RNA 
out of the mixture of RNA, and is a technique used for the purpose of detecting the target size 
and quantity of RNA. 

[0035]After performing extraction of a cell or RNA from an organization, for example using high 
concentration guanidinethiocyanate and carrying out deproteinization by phenol/chloroform, RNA 
is refined by alcoholic precipitate. By agarose gel electrophoresis, fractionation of the RNA is 



carried out by the difference in size, and it is made to denaturalize by alkali and a salt. Next, 
RNA is moved to a nitrocellulose filter and it is made to hybridize with the cDNA probe which 

carried out the label by [ 32 P]. And it is made to expose with autoradiography and a probe and 
the hybridized target RNA are detected. 

[0036]By this method, mRNA corresponding to the arrangement of cDNA used for the probe is 
detected, and the target size and relative expression amount of perfect length of a gene can be 
known. 3 f -UT (278 bp) which is some perfect length cDNA obtained using Marathon cDNA Kit for 
example as a probe is used. For details, it describes in Example 4. 

[0037]IV. The transformant of production this invention of a transformant is obtained by 
introducing recombination object DNA of this invention into the host who suits the expression 
vector used when producing this recombination object DNA. The refined gene is inserted in the 
restriction enzyme part or multi-cloning site of suitable vector DNA, a recombinant DNA is 
produced, and a host cell is transformed using the recombinant DNA concerned. 
[0038] Especially if vector DNA for inserting a DNA fragment can be reproduced at a host cell, it 
will not be limited, for example, plasmid DNA, phage DNA, etc. are mentioned. As plasmid DNA, 
for example Plasmid pUC118 (made by TAKARA SHUZO CO., LTD.), pUC119 (made by TAKARA 
SHUZO CO., LTD.), pBluescript SK+ (made by Stratagene), pGEM-T (made by Promega), etc. are 
mentioned, and M13mp18, M13mp19, etc. are mentioned as phage DNA, for example. 
[0039]As a host, especially if the target gene can be revealed, it will not be limited, but both an 
eukaryotic cell and a prokaryotic cell can be used. For example, the bacteria of Escherichia coli 
(Escherichia coli), bacillus Subtilis (Bacillus subtilis), etc., Animal cells, such as yeast, such as 
Saccharomyces cerevisiae (Saccharomyces cerevisiae), a COS cell, and a CHO cell, etc. are 
mentioned. 

[0040]When using bacteria, such as Escherichia coli, as a host, while an independence duplicate 
is possible for the recombinant DNA of this invention in this host, it is preferred that it is 
composition including a promotor, DNA of this invention, and the conclusion arrangement of 
transfer. For example, as Escherichia coli, XL1-Blue (made by Stratagene), JM109 (made by 
TAKARA SHUZO CO., LTD.), etc. are mentioned, and pBTrp2 grade is mentioned as an 
expression vector, for example. As a promotor, as long as it can be revealed in hosts, such as 
Escherichia coli, any may be used. For example, the promotor originating in Escherichia coli, 
phage, etc., such as a trp promotor, a lac promotor, a P L promotor, and a P R promotor, is used. 

[0041 ]In this invention, a transformation, For example, . Method [ of Hanahan ] . [Techniques for 
Transformation of E. coli In DNA Cloning, vol.1, Glover,D.M.(ed.) pp109-136, IRLPress (1985)] can 
perform. 

[0042]When using yeast as a host, YEp13 and YCp50 grade are mentioned as an expression 
vector, for example. As a promotor, gal 1 promotor, gal 10 promotor, etc. are mentioned, for 
example. As an introducing method of the recombinant DNA to yeast, For example, the 
electroporation method (Methods. Enzymol., 194,182-187 (1990)), The spheroplast method 
(Proc.Natl.Acad.Sci.USA, 84, 1929-1933 (1978)), a lithium acetate method (J. Bacterid., 153,163- 
168 (1983)), etc. are mentioned. 

[0043]the case where an animal cell is used as a host — as an expression vector — for 
example, pcDNAI and pcDNAI/Amp (in vitro JIEN) etc. — it is used. As an introducing method of 
the recombinant DNA to an animal cell, the electroporation method, a calcium phosphate 
method, etc. are mentioned, for example. 

[0044]When using plasmid DNA as a vector DNA, for example inserting EcoRI DNA fragment, 
plasmid DNA is digested using restriction enzyme EcoRI (made by NEB). Subsequently, mix a 
DNA fragment and cut vector DNA, for example, T4 DNA ligase (made by TAKARA SHUZO CO., 
LTD.) is made to act on this, and recombinant DNA is obtained. 

[0045]The colony hybridization which made the probe the DNA fragment in which screening of 
the above-mentioned transformant contains a part of objective gene, Or compound the 5' primer 
(FP) based on the base sequence of the target gene, and it ranks second, 3' based on the base 
sequence of complementary strand DNA Primer (RP) can be compounded and the colony 
containing the target gene can be chosen by the PCR method using these primers. 



[0046]V. If the transformant which holds the recombinant DNA produced by carrying out like the 
account of raw before delivery of the polypeptide which a mouse WRN gene encodes is 
cultivated, the polypeptide which the gene of this invention encodes is producible. Although the 
usual solid culture method may be sufficient as a culturing method, it is preferred to adopt a 
liquid culture method. 

[0047]As a culture medium which cultivates a transformant, for example A yeast extract, 
peptone, What added one or more sorts of mineral, such as potassium phosphate, magnesium 
sulfate, and ferric chloride, to one or more sorts of nitrogen sources chosen from a meat extract 
etc., and also added saccharine material, an antibiotic, a vitamin, etc. suitably as occasion 
demands to them is used. IPTG etc. may be added to a culture medium as occasion demands, 
and gene expression may be derived. pH of the culture medium at the time of a culture start is 
adjusted to 7.2-7.4, and ventilation stirring culture, shaking culture, etc. usually perform 36-38 ** 
of culture at around 37 ** preferably for 14 to 20 hours. 

[0048]After the end of culture, in order to extract the polypeptide of this invention from a 
culture, the usual protein purification means can be used. That is, a biomass is destroyed by 
bacteriolysis processing, ultrasonic crushing treatment, grinding processing, etc. using enzymes, 
such as a lysozyme, and the polypeptide which the gene of this invention encodes is made to 
discharge out of a biomass. Subsequently, an insoluble matter is removed using filtration or 
centrifugal separation, and a rough polypeptide solution is obtained. 

[0049]From the above-mentioned rough polypeptide solution, in order to refine this polypeptide 
further, the usual protein purification methods can be used. For example, an ammonium sulfate 
curing salting method, ion exchange chromatography, canal chromatography, gel filtration 
chromatography, affinity chromatography, an electrophoresis method, etc. are performed by 
combining independently or suitably. 

[0050]VI. A specific monoclonal antibody can be obtained as follows to the polypeptide which the 
mouse WRN gene of production this invention of a monoclonal antibody encodes. 
[0051](1) Dissolve the polypeptide obtained by method (IV) of the preparation above of the 
antigen in buffer solution, and, subsequently add an adjuvant As an adjuvant, the commercial 
Freund's complete adjuvant, Freund's incomplete adjuvant, etc. are mentioned, and which these 
things may be mixed. 

[0052](2) Medicate mammalian, for example, a rat, a mouse, etc. with the immunogen which is the 
extraction above of immunity and an antibody forming cell, and was produced by making. 10- 
500micro[ per animal ] g Use the immunizing dose of an antigen at once. An immunity part is 
poured into hypodermic and intraperitoneal mainly in a vein. The interval in particular of immunity 
is not limited, but from several, it is several week interval, it is an one to three-week interval 
preferably, and immunity will be carried out 3 to 4 times preferably 2 to 5 times. 
[0053]An antibody forming cell is preferably collected in four to five days two to seven days 
after the last immunity day. As an antibody forming cell, although a spleen cell, a lymph node cell, 
a peripheral blood cell, etc. are mentioned, a spleen cell or a partial lymph node cell is preferred. 
[0054](3) Generally [ animals, such as a mouse, ] use an available established cell line as a 
myeloma cell united with a cell fusion antibody forming cell. As a cell strain to be used, it has 
drug selectivity and is a selective medium (HAT medium: hypoxanthine, aminopterin, and thymine 
are included) in the state where it does not unite. What has the character in which it can survive 
only in the state where could not survive but it united with the antibody forming cell is preferred. 
As an example of a myeloma cell, mouse myeloma cell stocks, such as P3U-1 (made by 
Dainippon Pharmaceutical Co., Ltd.) and P3x63Ag8.653, are mentioned. 

[0055]Next, the cell fusion of the above-mentioned myeloma cell and the antibody forming cell is 
carried out. DMEM and RPMI-1640 in which cell fusion does not contain a blood serum The 
amount mixing of isochore of the antibody forming cell of a 10 8 cell / ml and the myeloma cell of 

a 2x1 0 5 cell / ml is carried out in culture media for animal cell culture, such as a culture medium, 
and a fusion reaction is performed under fusion accelerator existence. 

[0056]In order to promote cell fusion, a polyethylene glycol with an average molecular weight of 
1,500 dalton etc. can be used. An antibody forming cell and a myeloma cell can also be united 



using the cell fusion device of marketing using electrical stimulation (for example, 
electroporation). 

[O057](4) Sort out the hybridoma made into the purpose from the cell after selection of a 
hybridoma, and cloning cell fusion processing. As the method, 5-10 cell / well grade binds cell 
suspension on a microtiter plate after dilution suitably for example, by fetal-calf-serum content 
RPMI-1 640 culture medium etc., a selective medium is added to each well, and it cultivates by 
exchanging selective media suitably henceforth. As a result, the cell grown after a culture start 
and from around about the 14th by a selective medium can be obtained as a hybridoma. 
[0058]It is screened whether the target antibody exists in the culture supernatant of the 
increased hybridoma. The screening of a hybridoma should just follow the usual method and is 
not limited in particular. For example, a part of culture supernatant contained in the well grown 
as a hybridoma can be collected, and enzyme immunoassay (EIA; enzyme immuno assay), RIA 
(radio immuno assay), etc. can perform. Cloning of syncytium is performed by limiting dilution etc. 
and establishes the hybridoma which is a monoclonal-antibody-production cell eventually. 
[0059](5) As a method of extracting a monoclonal antibody from the hybridoma in which the 
monoclonal antibody carried out extraction establishment, usual cell cultivation or the ascites 
forming method etc. is employable. In cell cultivation, a hybridoma in animal-cell-culture culture 
media, such as 10% fetal-calf-serum content RPMI-1 640 culture medium, a MEM culture 
medium, or a serum free medium, It can cultivate for ten to 14 days by the usual culture 
condition (for example, 37 **, 5%C0 2 concentration), and an antibody can be acquired from the 

culture supernatant. 

[0060]In the case of the ascites forming method, abbreviation 5x10 6 individual administration of 
the hybridoma is carried out intraperitoneal [ of the mammalian of myeloma cell origin and a 
congener system animal ], and it proliferates a hybridoma in large quantities. And ascites or a 
blood serum is collected in one to two weeks. 

[0061]In the extraction method of the above-mentioned antibody, when refining of an antibody is 
needed, it can refine by choosing suitably publicly known methods, such as an ammonium sulfate 
curing salting method, ion exchange chromatography, affinity chromatography, and gel 
chromatography, or combining these. 

[0062]VII. Dissolve the polypeptide obtained by method (IV) of the preparation above of the 
production (1) antigen of a polyclonal antibody in buffer solution, and, subsequently add an 
adjuvant. As an adjuvant, the commercial Freund's complete adjuvant and the Freund's 
incomplete adjuvant are used. 

[0063](2) Usually use a rabbit, a guinea pig, a goat, a sheep, etc. as an immune animal. If a rabbit 
is taken for an example, subcutaneous injection of the polypeptide of 100microg to 500microg 
will usually be carried out to the planta of a rabbit with the Freund's complete aajuvant. In two 
weeks, tales doses of antigens are mixed with the Freund's incomplete aojuvant, and an 
intramuscular injection is carried out. An intramuscular injection is repeated in two more weeks, 
good partial blood collecting is carried out one week after the last immunity, and antibody titer is 
measured by the EIA method etc. If antibody titer has reached the target value, the 
exsanguination will be carried out, if antibody titer is low, an intramuscular injection will be 
repeated, and immunity is repeated until antibody titer reaches the target value. The refining of 
the antibody by ammonium sulfate fractionation can adopt the method described by paragraph 
(V) of the monoclonal antibody from a blood serum. 

[0064]VIII. The reagent mouse WRN gene for detection of the polypeptide which a mouse WRN 
gene and its gene encode, ( Drawing 5 ) since it was saved comparatively well ( drawing 4 B) and 
the high manifestation was accepted in various organizations of a mouse over the seed, It is 
strongly suggested by that it is one of the genes which encode the strange constituent in 
connection with fundamental constant maintenance of a living body, and a break through of this 
gene expression control, When solving the mechanism which manages constant maintenance of a 
living body, it is useful also to the invention of the new drugs for maintaining a living body's 
fundamental homeostasis useful, and it is useful also to the research for solving relation with the 
Werner syndrome disease onset. 



[0065]When using the gene of this invention as a reagent for detection of Werner syndrome, high 
BURIDAISESHON is performed by making into a probe the oligonucleotide containing at least a 
part of mouse WRN gene by which cloning was carried out, and detection is performed by 
Southern or a Northern blot technique. A DNA probe, a RNA probe, etc. are mentioned as an 
oligonucleotide probe. 

[0066]Detection is performed by EIA, RIA, or western blot analysis when using the polyclonal 
antibody and monoclonal antibody to the polypeptide which encodes the gene of this invention as 
a reagent for detection of Werner syndrome. 

[0067]IX. In transgenic animal this invention into which the gene embellished so that a gene 
expression level might be gone up or descended was introduced, By making some important 
parts [ a part of ] (an enhancer, a promotor, the intron, etc.) which are adjusting gene expression 
normally cause variation, such as deletion, substitution, and insertion, it can embellish so that it 
may compare with an original gene expression level and may go up or descend artificially. 
[0068]Introduction of the above-mentioned variation can be performed with which a publicly 
known technique, for example, a point mutation introduction kit (for example, TAKARA LA PCR 
in vitro Mutagenesis kit of TAKARA SHUZO CO., LTD.) etc. can be used. As a transgenic animal, 
a transgenic mouse, a transgenic rat, etc. are mentioned, for example. 

[0069]As a vector which holds the gene which introduced said variation, two, a vector to which 
excessive manifestation of the WRN gene is carried out, and an antisense vector which controls 
the manifestation conversely, can be considered. Drugs for positive sorting for the selection of a 
gene to any case (for example, neomycin etc.) The resistance gene is made to connect. 
[0070]Although the method of pouring DNA into a fertilized egg directly can also use insertion of 
the gene to a cell, since the embryonic stem cell has the advantage that it can cultivate and a 
mouse etc. can moreover be generated from this cell, its method of using various embryonic 
stem cells is more efficient, and is preferred. As an embryonic stem cell, TT2 cell is mentioned, 
for example (Shin-ichi Aizawa, gene targetting, 1 995, Yodosha). 

[0071]The above-mentioned vector DNA containing a WRN gene is introduced to an embryonic 
stem cell by electroporation, positive sorting is carried out with a neomycin, and the target 
variation embryonic stem cell is obtained. A capillary tube etc. are used for 8 ******** or cell 
term **, and the above-mentioned embryonic stem cell is poured into it. Then, 8 ******** or 
cell term ** is transplanted to the oviduct of direct assumed parents, or what carried out day 
culture and was generated to the blastocyst is transplanted to the uterus of assumed parents. A 
chimera animal is chosen among the children borne by assumed parents. Although the animal 
with a high contribution of a chimera has the high possibility of a germ cell line, the check of 
being a chimera animal of a germ cell line is possible by crossing a chimera animal with the 
normal animal. A heterozygote animal is obtained by mating with the chimera animal of a germ 
cell line, and the normal animal, and a homozygote animal can be obtained by mating of 
heterozygotes. 

[0072]X. The knockout mouse of knockout-mouse this invention is processed so that the 
function of a mouse WRN gene may be lost. The disposal method is explained. The genomic DNA 
containing a mouse WRN gene is obtained from PCR or a genomic library, and the vector which 
inserted neo resistance gene into one of the exons is built. The function of this exon is 
destroyed by this operation. It can come, simultaneously the thymidine kinase (tk) gene for 
negative sorting or the diphtheria (DT) toxin gene is connected into this vector. This vector DNA 
is introduced into an embryonic stem cell by electroporation. Next, this cell is cultured under 
existence of the neomycin for positive sorting and the nucleic acid analog FIAU for negative 
sorting (fluoroiodoadenosyluracil), or a diphtheria toxin. The diphtheria toxin sensitive cell which 
started illegitimate recombination by this operation, and G418 sensitive cell which does not 
cause recombination at all are removed, and only the cell which started homologous 
recombination remains. The gene containing the destroyed exon is knocked out in this cell. 
[0073]The obtained cell is poured into ******** of a mouse, or 8 cell term **. After that, a 
knockout mouse is producible with the same technique as production of a transgenic animal. 
[0074] 

[Example]Hereafter, an example explains this invention still more concretely. However, this 



invention does not limit the technical scope to these examples. 

[0075][Example 1] Cloning (1) of the mouse WRN cDNA using Marathon™cDNA Amplification Kit 
Preparation (i) of the partial cDNA fragment of the mouse WRN gene by RT-PCR Preparation 
and amplification of cDNA by reverse transcription [0076]Poly(A)+RNA (CLONETECH) about 
Imicrog, dithiothreitol, The reaction mixture containing dNTP (dATP, dCTP, dGTP, and dTTP), 
buffer for reverse transcriptase, and reverse transcriptase Super Sucript II was made to react at 
42 ** for 30 minutes, RNase processing was carried out after that, and cDNA was prepared. This 
cDNA is made into a template and it is AG1897 (array number 8) and AG191 1 (array number 9). 
It was considered as the primer and the RT-PCR reaction was performed using Taq DNA 
polymerase. 

[0077]RT-PCR was performed in the mixing reaction liquid of 1.5 mM MgCI 2 , 20 mMdNTP, 1 x 

Perkin-Elmer Cetus buffer, each primer 0.3 mM, and 10microl containing 0.25 unit Taq 
polymerase. First, the above-mentioned reaction mixture is made to react at 94 ** for 5 
minutes, next it carries out for 30 seconds at 94 **, the reaction for 1 minute is made into one 
cycle at 5 seconds and 72 ** at 55 **, and it is 35 cycle ****** about this. The obtained 
reaction mixture was made to react at 72 more ** for 5 minutes, and the DNA solution was 
obtained. 

[0078](ii) The preparation above-mentioned DNA solution of the RT-PCR product for base 
sequence determination, T4 DNA ligase (made by TAKARA SHUZO CO., LTD.), the buffer (made 
by TAKARA SHUZO CO., LTD.), and the solution containing pGEM-T vector (made by Promega) 
were made to react at 15 ** for 3 hours, and the fragment of the RT-PCR product was built into 
the pGEM-T vector. By this vector, make Escherichia coli JM109 transform arid this Escherichia 
coli, X-gal, IPTG, and ampicillin (the 50 microg/ml last concentration) About the white 
Escherichia coli colony scattered on included LB bacto agger plate, by LB culture medium 
containing ampicillin (the 50 microg/ml last concentration). Shaking culture was carried out at 37 
** for 16 hours or more, and plasmid DNA was collected and refined using the robot made from 
Kurabo (PMOOsigma). 

[0079]After RNase processing decomposed RNA, the 20% polyethylene glycol / 2.5M NaCI 
solution performed ethanol precipitate except for the small molecular compound, and it was 
considered as the sample for DNA sequences. Usually, 5 mul was used for the analysis of a 
direct base sequence, when 7 mul was analyzed by 1.5 % agarose gel and specific amplification 
was accepted. 

[0080](iii) After inserting in pGEM-T vector (made by Promega) the DNA fragment made into the 
purpose of determining a base sequence and making it increase with Escherichia coli, the plasmid 
was refined with the alkaline process using a robot (product [ made by Kurabo ] PI-1 OOsigma). 
After processing the obtained refining plasmids by RNase, it processed with the solution of the 
polyethylene glycol/salt solution, and DNA was refined except for the small molecule. 
[0081] PCR was performed by making refined DNA into template DNA by a non-sign primer, four 
kinds of fluorescent-labeling nucleotide 5'-triphosphate, and the system of reaction that added 
Taq polymerase. 

[0082]The reaction mixed liquor is as follows. 

Thermal Ready Reaction Mix 8 mul template DNA 2.0 mul primer 2 pmol/mu ldH 2 0 8.5 mul 

[0083]It carries out for 10 seconds (denaturation) at 96 **, it makes the reaction for 4 minutes 
(extension) one cycle at 5 seconds (annealing) and 60 ** at 55 **, and PCR is 25 cycle ****** 
about this. In this reaction, the DNA fragment into which the fluorochrome went at random is 
compounded, and analyzing it by a sequencer can determine the base sequence which continued 
eventually. 

[0084]Automatic DNA sequencer made from Applied Biosystem (model ABI 373) performed the 
obtained cDNA clone using the following primer. 

The M13F side The array number 4M13R side cDNA of 1.4 kb expressed with the array number 
5SP6 side array number 6T7 side array number 7, as a result the array number 17 was obtained. 
[0085]Next, based on the arrangement of the partial cDNA fragment (array number 17) of the 
mouse WRN obtained by the RT-PCR assay, 3 'GSP1 (array number 13) and 3' GSP2 (array 



number 14) was produced on each primer, i.e., the complementary strand of this cDNA, on 
5'GSP1 (array number 10), 5'GSP2 (array number 11), and this cDNA chain. 
[0086](2) 5 ? of a partial cDNA fragment - a side and 3' — making into the origin cDNA Ready™ 
(CLONETECH) of the amplification mouse testis of the cDNA fragment of strange arrangement, 
and spleen origin which exists in - side, and, (i) 5'-RACE~1 and (ii) 5 '-RACE-2 and (iii) 3-RACE 
was performed. Hereafter, each RACE is explained in order. 

[0087](i) 5-RACE-1 cDNA Ready™ of the amplification (i-a) 1st LD PCR mouse testis of a 
product and spleen origin is made into a template, AP1 (array number 15) And the following 
presentations and a cycle program (Tables 1 and 2) performed the PCR reaction using 5'GSP1 
(array number 10). 
[0088] 
[Table 1] 



5 fLl V^XJjjmcDNA Ready™ 

i fii 5'gspi W&i%&w) (io /km) 

36 »1 dH20 

5 fil lOXKlenTag PCR buffer 



1 fxl lOnfl dNTP 
1 Atl 50XKlenTag DNA polymerase 



50 fil (&££) 



[0089] 
[Table 2] 



^2. PCR^^D^A 



1. (94°CT-2^) X1*M#IU 

2. 4 W^g^&, 6St:T*4#) X3<HM£W 



[0090](i-b) Although the 2nd LD PCRIst PCR product was diluted with 1xTE (pH 8.0) 50 times, 
Smicrol is made into a template, The PCR reaction was performed using the nested primer (AP2 
(array number 16) and GSP2 (array number 11)) (Tables 3 and 4). 
[0091] 
[Table 3] 

i3. PCRfc]£m& 



ffl /ft 



5 (Ll 1st ?cmm (50fgs8flR) 

1 /iL AP2 CSflgl##16) (10 mM) 

1 fil 5'GSP2 (@afj#^ll) (10 ^M) 

43 /ii v^-v^^ immtmit 



50 fLl 



[0092] 
[Table 4] 

314. PCRf^f^n^A 



1. (94W2^) X 

2. wrcresm, tew4<&) xtxhmpju 

3. 4tre»B 



[0093]After 2nd PCR product of 10micro I 1.2% agarose gel electrophoresis, EtBr dyeing was 
carried out and amplification of the fragment (array number 18) of about 1.8 kbp(s) which are 5' 
end parts of mouse WRN cDNA was checked. 

[0094](ii) cDNA Ready™ of the amplification (ii-a) 1st LD PCR mouse testis of 5'-RACE-2 
product and spleen origin is made into a template, The following presentations and a cycle 
program (Tables 5 and 6) performed the PCR reaction using AP1 (array number 15) and 5'GSP2 



(array number 11). 

[0095] 

[Table 5] 
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[0096] 
[Table 6] 

2. 4 W^|p>, 6Srt?4^>) xW*Mi»l> 



[0097](ii-b) Although the 2nd LD PCRIst PCR product was diluted with 1xTE (pH 8.0) 50 times, 
Smicrol is made into a template, nested primer (the PCR reaction was performed using AP2 
(array number 16) and 5'GSP3 (array number 12) (Tables 7 and 8).) 5'GSP3 (array number 12) 
are said 5'-RACE-1 . It designs and compounds based on the arrangement of a product. 
[0098] 
[Table 7] 

m is PCR^ M 



5 fil 1st PCRgggJ (50fg5r$5ft) 

I fil AP2 (ffl2H»16) (10^M) 

1 fil 5'GSP3 ffl?0S%*12) (10/^M) 

43 fii tx^-v^x mmt&ih&m 



50 fll 0£&) 



[0099] 
[Table 8] 

1. (94Tre2#) xi+MZiu 

2. (94^30©?, 6&t:-e4^) 
3. 



[01 00] After 2nd PCR product of 10micro I 1.2% agarose gel electrophoresis, EtBr dyeing was 
carried out and amplification of the fragment (array number 19) of about 1.2 kbp(s) which are 5 f 
end parts of the mouse WRN cDNA was checked. 

[0101](iii) cDNA Ready™ of a mouse testis and spleen origin is made into a template like 
3'amplification (iii-a) of -RACE product 1st LD PCR5'-RACE, AP1 (array number 15) And the 
PCR reaction was performed using 3'GSP1 (array number 13) (Tables 9 and 10). 
[0102] 
[Table 9] 

j R9, PCRK ffiBBK 



tt Jft 
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[0103] 
[Table 10] 



alio. PCR^WD^A 



1. (WCV2%) Xl^^l/ 

2. (94°C"e30g?, 68t:7?4^) XZOV-JfJU 

3. 4TCC#B 



[0104](iii-b) Although the 2nd LD PCRIst PCR product was diluted with 1x TE (pH 8.0) 50 times, 
Smicrol was made into the template, and the PCR reaction was performed using nested primer 
(AP2 (array number 16) and 3'GSP2 (array number 14)). 

[0105]It is the same as that of conditions given in Tables 3 and 4 except using 3'GSP2 as a 
primer. After applying to agarose gel electrophoresis 2nd PCR product I 1.2% of 15micro, as a 
result of carrying out EtBr dyeing, specific amplification of the mouse WRNcDNA 3'-end part 
fragment (array number 20) of about 1 .3 kbp(s) was checked. 

[0106](3) Subcloning of three kinds of fragments (5-RACE-1 a product, 5 'HRACE-2 product 
and 3'- RACE product) obtained with the overall-length cDNA above (2) of the mouse WRN was 
carried out to the pGEM-T vector (made by Promega), and sequencing of each fragment was 
performed. And the mouse WRN cDNA of the perfect length of overalHength abbreviation 5.1 kbp 
expressed with the array number 1 was able to be obtained by combining the partial cDNA 
fragment obtained above (1) and said three kinds of fragments. 

[0107]The base sequence of DNA which encodes this amino acid sequence for the amino acid 
sequence of the polypeptide of this invention which the base sequence expressed with the array 
number 1 encodes in the array number 2 is shown in the array number 3. 

[0108][Example 2] Separation refinement of BAC DNA with high refining of BAC DNA and FISH 
purity was carried out by cesium chloride (CsCI) density gradient centrifugation, and it was used 
for the analysis by FISH. 

[0109](1) Recovery and refining of DNA from the cultivation BAC clone of a BAC clone are 
Smoller(s) et al. Change was added to the method reported by [Chromosoma, 100, and 487-494 
(1991)], and was performed to it. That is, it was suspended into LB culture medium of 1L 
containing chloramphenicol with a last concentration of 12.5 microg/ml, and shaking culture of 
the Escherichia coli colony containing a single BAC phage clone was carried out at 37 ** 
overnight. 

[0110](2) The alkali SDS method usual from the biomass obtained by the method which indicated 
the refining BAC DNA of BAC DNA by a CsCI density-grdient centrifugation method above (1) It 
prepared by [Birnboim and Doly, Nucleic Acids Res. 7, and 1513-1523 (1979)], and refined with 
the CsCI density-grdient centrifugation method. 

[011 1]To the biomass collected by cooling centrifugal separation (3,500 rpmx 15 minutes), 50-ml 
50mM Sucrose-10mM EDTA-25 mM Tris-HCI (pH 8.0), 50 1.5 ml added the mg/ml lysozyme 
solution, and it incubated at the room temperature quietly for 5 minutes. Then, a 100-ml 0.2M 
NaOH-1%SDS solution was added, and it incubated quietly in Hikami for 5 minutes. Glacial acetic 
acid was added 375-ml M KAc-11.5%, and it incubated quietly in Hikami for 5 minutes. 
[01 12]Cooling centrifugal separation (4,000 rpmx 15 minutes) recovers supernatant liquid, a 
RNase solution is added so that it may become the 50 microg/ml last concentration there, and 
tales doses of 2-propanol is added after 1-hour incubation at 37 **. It was neglected at -20 ** 
for 1 hour. Cooling centrifugal separation (6,000 rpmx 1 5 minutes) In the back, the decantation 
removed supernatant liquid and the precipitate containing P1-/PAC DNA was thoroughly air- 
dried after washing by EtOH 70%. 6-ml 10 mM Tris-HCMmM EDTA (pH 8.0) was added, 
precipitate was dissolved, 6-g CsCI was added there, it was made to fully dissolve, a 10 moremg 
[/ml ] ethidium bromide was 100 mul Added, and it was neglected by -20 ** for 20 minutes. 
Cooling centrifugal separation (6,000 rpmx 10 minutes) Kiyoshi Gokami was collected, and the 
ultra high-speed centrifugality beyond 100,000rpm x6 hour separated BAC DNA with the bacteria 
genome at 22 **. Two dialysis refined BAC DNA except for CsCI after collecting the bands 
which contain BAC DNA under UV irradiation with isoamyl alcohol, removing an ethidium 
bromide. 10 mM Tris-HCM .25mM EDTA (pH 8.0) was used as a dialysis buffer. This BAC DNA 



was used for the analysis by FISH. 

[0113](3) The FISH mouse embryonic stem cell was stimulated by PHA, cell division was 
promoted, and division was stopped by the metaphase using colcemid. The cell was extended on 
the slide glass, after fixing with acetic acid/methanol solution. The specimens on a slide glass 
are a formamide and SSC. [StandardSaline Citrate; It was made to denaturalize by 0.1 5M NaCI 
and 0.015M Sodium Citrate] (pH 7.0). Next, BAC DNA (BAC-#11315 DNA) containing the mouse 
WRN gene which carried out the sign by the digoxigenin The probe was made to react and it was 
made to hybridize with a specimen. And FITC - It processed by the anti-digoxigenin antibody 
which carried out the sign, and the specimen was labeled fluorescently. 

[01 14]As a result, standard which the signal of FITC dyes the telomere of the 8th chromosome 
specifically as shown in drawing 3 I t existed in the short arm portion near the DNA probe. 
Therefore, BAC-#11315 DNAs containing a mouse WRN gene are the 8th chromosome and 8 A4. 
It turned out that it exists in a field. 

[01 15][Example 3] In order to identify the field of the nucleic acid probe by the Southern blotting 
of a mouse WRN gene by which the analysis sign was carried out, and mouse WRN gene DNA 
with a complementary base sequence, Southern hybridization was performed as follows. 
[011 63(1 ) Agarose gel electrophoresis separated genome DNA 10microg of mouse liver and 
human placenta origin digested with mouse liver and the genomic DNA restriction enzyme of 
human placenta origin (BamHI, Bglll, EcoRI, Hindlll, and PstI) 0.8%. It dips in 150 ml of 0.5N 
NaOH-1.5M NaCI solutions, and for 30 minutes, gel was shaken slowly and alkaline denaturation 
was carried out. Gel is lightly washed by deionized water and they are 0.5 M Tris-HCI (pH 7.5) 
and a 1.5M NaCI solution. It dips in 150 ml, and it shook slowly and was made to counteract for 
30 minutes. 

[01 1 7]After making the nitrocellulose membrane (made by Amersham) cut in the same size as 
gel on the other hand become wet with distilled water, it dipped in 2xSSC (0.3M NaCI, 0.03M 
sodium acid citrate (pH 7.0)). It is a 20xSSC solution to a tray. After having put in 200 ml, dipping 
sponge and dipping the filter paper (Whatmann 3 MM) of a size suitable subsequently in 2xSSC, it 
carried on sponge. 

[0118]Next, the agarose gel processed as mentioned above was carried on this filter paper, and 
the nitrocellulose membrane was carried on it, the bunch and weight of the filter paper of the 
still more nearly same size and the paper towel were carried, and it was made to transfer 
overnight. 

[0119]Genomic DNA is fixed to a nitrocellulose membrane by UV irradiation (wavelength 260 nm, 

120 mJ/cm 2 ) after the end of transfer, In accordance with the below-mentioned method, the 
radioactive label of the mouse WRN cDNA fragment of perfect length was carried out, it was 
considered as the detection probe of the mouse WRN gene, and the autoradiography by the X- 
ray film made from Kodack detected eventually ( drawing 4 ). 

[0120]5xSSPE, the 10xDenhardt's solution, and the thing that contains SDS and a 100 microg 
[/ml ] denaturation salmon sperm DNA fragment 2% were used for the mouse WRN pre 
hybridization buffer. 

[0121]A result is shown in drawing 4 . Drawing 4 A digests the genomic DNA of a human placenta 
(lanes 1-5) and mouse liver (lanes 6-10) origin with a predetermined restriction enzyme, It is the 
result of having carried out the blot to the nitrocellulose membrane after separation by agarose 
electrophoresis, hybridizing the perfect length mouse WRN cDNA of a [ 32 P] sign to a probe, and 
detecting this. 

[0122]As for the lanes 1 and 6, Bglll and the lanes 3 and 8 of BamHI and the lanes 2 and 7 are 
the things of the fragment in which EcoRI and the lanes 4 and 9 digested Hindlll and the lanes 5 
and 10 by PstI among drawing 4 A . From the result of drawing 4 A, a possibility that the mouse 
WRN gene exists as a single copy on a mouse genome is suggested. 

[0123](2) PURIME which carried out agarose electrophoresis of the 4micro each of genomic DNA 
[ of the animal origin of nine kinds of Zoo Blot ] g, and carried out the blot to nylon membrane — 
ide — the filter (made by Clontech) was used ( drawing 4 B). The detection probe of the mouse 
WRN gene was the same as that of the above-mentioned, and hybridization and a cleaning 



condition followed the protocol of Clontech. It turned out that a mouse WRN gene may exceed a 
seed and it is saved from drawing 4 B. 

[0124]The origin of genomic DNA is as follows, a, Homo sapiens; b, ape; c f rat; d, mouse; e, dog; f, 
cow; g, rabbit; h, fowl; i, yeast. 

[0125][Example 4] analysis (1) by the Northern blot of the mouse WRN. the northern-blot- 
analysis (i) mouse of the mouse WRN — poly(A)+RNA each 2 extracted from the organization 
and the organ of the mouse of eight kinds of multi-organization Northern (Multiple Tissue 
Northern;MTN) blots — agarose electrophoresis of the microg being carried out and, PURIME 
which carried out the blot to nylon membrane — ide — the filter (made by Clontech) was used 
( drawing 5 ). 

[0126](ii) In accordance with the below-mentioned method, the radioactive label of the 3'-UT 
partial (278 bp) of the mouse WRN cDNA probe mouse WRN cDNA was carried out, and this was 
used as a detection probe of a mouse WRN gene. 

[0127](2) In the lunch box type plastic container, the hybridization (i) pre hybridization filter was 
dipped in the pre hybridization buffer of 100 ml, and the incubation was carried out at 42 ** for 4 
hours. A 50% formarnide, 5xSSPE, the "lOxDenhardt's solution, and the thing that contains SDS 
and a 100microg/m denaturation salmon sperm DNA fragment 2% were used for the pre 
hybridization buffer. 

[0128](ii) The above-mentioned mouse WRN cDNA fragment 50 ng as a radioactive labeling 

template of a mouse WRN cDNA probe, The radioactive label was carried out by [alpha- 32 P]- 
dCTP (the product made by NEN, the Daiichi Pure Chemicals Co., Ltd. make) by random primer 
DNA labeling kit Ver.2 (made by TAKARA SHUZO CO., LTD.), using random hexamer 50 pmol as 
a primer. 

[0129](iii) The hybridization pre hybridization buffer was thrown away and a 50-m! pre 
hybridization buffer was newly added, and it shook quietly so that air bubbles might not enter 

under a filter. The probe which carried out the radioactive label to this by [ 32 P]-dCTP was added 
so that specific activity might serve as abbreviation 1x10 6 cpm/ml f and it hybridized at 42 ** for 
16 hours. 

[0130]After hybridization, to the filter, the rinse for 15 minutes was repeated twice at the room 
temperature using 2xSSC of 100 ml, and a 0.1 %SDS solution, then, 0.2xSSC of 100 ml and a 0.1 
% SDS solution were used, and rinse for 15 minutes was performed twice at the room 
temperature. Except for moisture, it inserted into Saran Wrap (made by Asahi Chemical Co., 
Ltd.), and autoradiography analysis by BAS1500 system (made by Fuji Photo Film Co., Ltd.) was 
conducted until the filter changed into the state where it became wet a little. 
[0131](3) In the energy-of^radiation memory type two-dimensional sensor (imaging plate; IP) 
using the analysis photostimulable phosphor by Fuji BAS1500 system. Adhesion exposure of the 
sample was carried out like the X-ray film, this IP was excited by the helium-Ne laser beam, and 
the fluorescence emitted according to a light exposure was changed and quantified in a digital 
variable called PSL (Photo Stimulated Luminescence). A fixed quantity is BAS1500. The system 
was used. The linearity of the fixed-quantity value by this system is good, and can perform 
subtraction of a background, measurement of the radiation intensity in the appointed field, and 
comparison. 

[0132](4) The probe was made to hybridize 3'-UT of the mouse WRNcDNA which carried out the 

[ 32 P] sign to MTN blot (made by CLONTECH) containing 2mg poly(A)+RNA of tissue-specific- 
expression result mouse each organization and organ origin of the mouse WRN mRNA 
[0133]The manifestation of the mouse WRN mRNA was broadly accepted by various kinds of 
organs, and showed a pattern like drawing 5 . That is, it turned out that a mouse WRN gene is 
strongly revealed in a spleen and a testis, it is revealed to a degree in the middle in a lung, liver, 
and the kidney, and a small deer manifestation has not been carried out in a brain, the heart, and 
skeletal muscle. Poly The origin of (A)+RNA is as follows. 

a, the heart; b, brain; c, spleen; d, lung; e, liver; f, skeletal muscle; g, the kidney; h, testis. 
[0134] 

[Effect of the Invention]A mouse WRN gene is provided by this invention, the mechanism which 



the mouse WRN gene of this invention is useful to the research for solving relation with the 
human Werner syndrome disease onset, and manages constant maintenance of a living body — a 
break through — it is useful also to the invention of the new drugs for maintaining the 
fundamental homeostasis of a life useful also in a top. 

[0135]The mouse WRN gene of this invention is useful as the diagnostic probe for relevant sick 
inspection and prevention with the Werner syndrome disease onset, or a reagent for medical 
department study immunological [ cell biology ], biochemical, and the molecular biological 
research on generating of a mouse individual. 
[0136] 

[Layout Table] 

array number — length [ of 1 arrangement ]: — mold [ of 5058 arrangement ]: — number [ of 
nucleic acid chains ]: — double strand topology: — kind [ of straight-chain-shape arrangement ]: 
— cDNA to mRNA origin living thing name: — information: besides the feature of mouse 
arrangement — mouse WRN helicase arrangement GGCAGGCGCC : AGACCAGAAG 
TGCACCGAGG. CGCCCGTTGG TATAAAGTTA. GTAAATGTGA 60GGCCTGTCTC. 
GATGCCTGGG TCCTGGGCTT. TGGTTCTCAG TCCTCCATAA. ATCATCCTGC 
1 20TGGAGGAGAA. GACCCTTAGA TCTGGCTCTT. CTCAGGGGCA TTTTAAAG AC . 
AAATGAAAAT 180AAA ATG. GAA ACC ACT TCA CTA. CAG CGG AAA TTT CCA. GAA TGG 
ATG TCT 228. Met Glu Thr Thr Ser. Leu Gin Arg Lys Phe Pro Glu Trp Met Ser 1 5 10 15 ATG 
CAG AGT CAA AGA TGT GCT ACA GAA GAA AAG GCC TGC GTT. CAG AAG 276Met Gin Ser. 
Gin Arg Cys Ala Thr. Glu Glu Lys Ala Cys. Val Gin Lys 20 25 30. AGT GTT CTT GAA GAT. AAT 
CTC CCA TTC TTA. GAA TTC CCT GGA TCC. ATT 324Ser Val Leu Glu. Asp Asn Leu Pro Phe. 
Leu Glu Phe Pro Gly. Ser lie 35 40 45 GTT. TAC AGT TAT GAA GCT. AGT GAT TGC TCC TTC. 
CTG TCT GAA GAC ATT. 372Val Tyr Ser Tyr Glu. Ala Ser Asp Cys Ser. Phe Leu Ser Glu Asp. 
He 50 55 60 AGC ATG. CGT CTG TCT GAT GGC. GAT GTG GTG GGA TTT GAC ATG GAA 
TGG 420Ser Met Arg Leu Ser Asp Gly Asp Val Val Gly Phe Asp Met Glu Trp 65 7. 0 75 CCG 
CCC ATA TAC. AAG CCA GGG AAA CGA. AGC AGA GTC GCA GTG. ATC CAG 468Pro Pro 
lie. Tyr Lys Pro Gly Lys. Arg Ser Arg Val Ala. Val He Gin 80 85 90. 95 TTG TGT GTG TCT GAG. 
AAC AAA TGT TAC TTG. TTT CAC ATT TCT TCC. ATG 516Leu Cys Val Ser. Glu Asn Lys Cys 
Tyr. Leu Phe His lie Ser. Ser Met 100 105 1 10. TCA GTT TTC CCC CAG. GGA TTA AAA ATG 
TTA. CTA GAA AAC AAA TCA. ATT 564Ser Val Phe Pro. Gin Gly Leu Lys Met. Leu Leu Glu 
Asn Lys Ser He 1 15 120 125 AAG AAG GCA GGG GTT GGG ATT GAA GGG GAC CAG TGG 
AAA CTT CTG CGT 6. 12Lys Lys Ala Gly Val. Gly He Glu Gly Asp. Gin Trp Lys Leu Leu. Arg 130 
135 140 GAT. TTT GAC GTC AAG TTG. GAG AGT TTT GTG GAG. CTG ACG GAT GTT GCC. 
660Asp Phe Asp Val Lys. Leu Glu Ser Phe Val. Glu Leu Thr Asp Val. Ala 145 150 155 AAT. GAA 
AAG TTG AAG TGC. GCA GAG ACC TGG AGC. CTC AAT GGT CTG GTT. 708Asn Glu Lys Leu 
Lys. Cys Ala Glu Thr Trp. Ser Leu Asn Gly Leu. Val 160 165 170 175. AAA CAC GTC TTA GGG. 
AAA CAA CTT TTG AAA GAC AAG TCC ATC CGC TGC 756Lys His Val Leu Gly Lys Gin Leu 
Leu Lys Asp Lys Ser He Arg Cys 180 185 190 AGC AAT TGG AGT AAT TTC CCC. CTC ACT 
GAG GAC CAG. AAA CTG TAT GCA 804Ser. Asn Trp Ser Asn Phe. Pro Leu Thr Glu Asp. Gin 
Lys Leu Tyr Ala. 1 95 200 205 GCC ACT. GAT GCC TAT GCT GGT. CTT ATC ATC TAT CAA. 
AAA TTA GGA AAT 852Ala. Thr Asp Ala Tyr Ala. Gly Leu He He Tyr. Gin Lys Leu Gly Asn. 210 
215 220 TTG GGT. GAT ACT GTG CAA GTG. TTT GCT CTA AAT AAA. GCA GAG GAA AAC 
900Leu. Gly Asp Thr Val Gin. Val Phe Ala Leu Asn Lys Ala Glu Glu Asn 225 230 235 CTA CCT 
CTG GAG ATG AAG AAA CAG TTG AAT TTA ATC TCC GAA G. AA ATG 948Leu Pro Leu. Glu 
Met Lys Lys Gin. Leu Asn Leu He Ser. Glu Glu Met 240 245. 250 255 AGG GAT CTA. GCC AAT 
CGT TTT CCA. GTC ACT TGC AGA AAT. TTG GAA ACT 996Arg Asp. Leu Ala Asn Arg Phe. 
Pro Val Thr Cys Arg. Asn Leu Glu Thr 260. 265 270 CTC CAG AGG. GTT CCT GTA ATA TTG. 
AAG AGT ATT TCA GAA. AAT CTC TGT 1044Leu. Gin Arg Val Pro Val. He Leu Lys Ser He. Ser 
Glu Asn Leu Cys. 275 280 285 TCA TTG. AGA AAA GTG ATC TGT GGT CCT ACA AAC ACT 
GAG ACT AGA CTG 1092Ser Leu Arg Lys Val He Cys Gly Pro Thr Asn Thr Glu Th. r Arg Leu 
290 295 300. AAG CCG GGC AGT AGT. TTT AAT TTA CTG TCA. TCA GAA GAT TCA GCT. 
GCT 1 140Lys Pro Gly. Ser Ser Phe Asn Leu. Leu Ser Ser Glu Asp. Ser Ala Ala 305 310. 315 
GCT GGA GAA AAA. GAG AAA CAG ATT GGA. AAA CAT AGT ACT TTT. GCT AAA 1 188Ala 



Gly. Glu Lys Glu Lys Gin. He Gly Lys His Ser. Thr Phe Ala Lys 320. 325 330 335 ATT AAA. GAA 
GAA CCA TGG GAC. CCA GAA CTT GAC AGT. TTA GTG AAG CAA 1236Ile. Lys Glu Glu Pro 
Trp Asp Pro Glu Leu Asp Ser Leu Val Lys Gin 340 345 350 GAG GAG GTT GAT GTA TTT AGA 
AAT CAA GTG A. AG CAA GAA AAA GGT GAA. 1 284Glu Glu Val Asp. Val Phe Arg Asn Gin. Val 
Lys Gin Glu Lys. Gly Glu 355 360 365. TCT GAA AAT GAA ATA. GAA GAT AAT CTG TTG. AGA 
GAA GAT ATG GAA. AGA 1 332Ser Glu Asn. Glu He Glu Asp Asn. Leu Leu Arg Glu Asp. Met Glu 
Arg 370 375. 380 ACT TGT GTG ATT. CCT AGT ATT TCA GAA. AAT GAA CTC CAA GAT. 
TTG GAA 1 380Thr Cys. Val lie Pro Ser He. Ser Glu Asn Glu Leu. Gin Asp Leu Glu 385. 390 395 
CAG CAA GCT AAA GAA GAA AAA TAT AAT GAT GTT TCT CAC CAA CTT TCT 1428Gln Gin 
Ala Lys Glu Glu Lys Tyr Asn Asp. Val Ser His Gin Leu. Ser 400 405 410 415. GAG CAT TTA 
TCT CCC. AAT GAT GAT GAG AAT. GAC TCC TCC TAT ATA. ATT 1476Glu His Leu. Ser Pro 
Asn Asp Asp. Glu Asn Asp Ser Ser. Tyr He He 420 425. 430 GAA AGT GAT GAA. GAT TTG GAA 
ATG GAG. ATG CTG AAG TCT TTA. GAA AAC 1524Glu Ser. Asp Glu Asp Leu Glu. Met Glu Met 
Leu Lys Ser Leu Glu Asn 435 440 445 CTA AAT AGT GAC ATG GTG GAA CCC ACT CAC TCT 
AAA TGG TTG GAA ATG 1572 Leu Asn Ser Asp Met Val Glu Pro Thr His. Ser Lys Trp Leu Glu. 
Met 450 455 460 GGA. ACC AAT GGG TGT CTT. CCT CCT GAG GAG GAA. GAT GGA CAC 
GGA AAT. 1 620Gly Thr Asn Gly. Cys Leu Pro Pro Glu. Glu Glu Asp Gly His. Gly Asn 465 470 
475. GAA GCC ATC AAA GAG. GAG CAG GAA GAA GAG. GAC CAT TTA TTG CCG. GAA 
1668Glu Ala He. Lys Glu Glu Gin Glu. Glu Glu Asp His Leu. Leu Pro Glu 480 485. 490 495 CCC 
AAC GCA. AAG CAA ATT AAT TGC CTC AAG ACC TAT TTC GGA CAC AGC 1716Pro Asn 
Ala Lys Gin He Asn Cys Leu Lys Thr Tyr Phe Gly His Se. r 500 505 510 AGT TTT. AAA CCG 
GTT CAG TGG. AAA GTC ATC CAT TCT. GTA TTA GAA GAG 1764Ser. Phe Lys Pro Val Gin. 
Trp Lys Val He His. Ser Val Leu Glu Glu. 51 5 520 525 AGA AGA. GAT AAT GTT GTT GTC. ATG 
GCA ACT GGA TAT. GGG AAG AGT CTG 1812Arg. Arg Asp Asn Val Val. Val Met Ala Thr Gly. 
Tyr Gly Lys Ser Leu. 530 535 540 TGC TTC. CAG TAT CCG CCT GTT. TAT ACA GGC AAG 
ATT. GGC ATT GTC ATT 1860Cys. Phe Gin Tyr Pro Pro. Val Tyr Thr Gly Lys He Gly He Val He 
545 550 555 TCA CCT CTC ATT TCC TTA ATG GAA GAC CAA GTC CTC CAG C. TT GAG 
CTA 1908Ser Pro. Leu He Ser Leu Met. Glu Asp Gin Val Leu. Gin Leu Glu Leu 560. 565 570 575 
TCC AAT. GTT CCA GCC TGT TTA. CTT GGA TCT GCA CAA. TCA AAA AAT ATT 1956Ser. 
Asn Val Pro Ala Cys. Leu Leu Gly Ser Ala. Gin Ser Lys Asn He. 580 585 590 CTA GGA. GAT 
GTT AAA TTA GGC. AAA TAT AGG GTC ATC. TAC ATA ACT CCA 2004Leu. Gly Asp Val Lys 
Leu. Gly Lys Tyr Arg Val. He Tyr He Thr Pro. 595 600 605 GAG TTC. TGT TCT GGT AAC TTG 
GAT CTA CTC CAG AAA CTT GAC TCT AGT 2052Glu Phe Cys Ser Gly Asn Leu Asp Leu Leu 
Gin Lys. Leu Asp Ser Ser 610. 615 620 ATT GGC ATC. ACT CTC ATT GCT GTG. GAT GAG 
GCT CAC TGC. ATT TCA GAG 2100Ile. Gly lie Thr Leu He. Ala Val Asp Glu Ala. His Cys He Ser 
Glu. 625 630 635 TGG GGC. CAT GAT TTC AGA AGT. TCA TTC AGG ATG CTG. GGC TCT 
CTT AAA 2148Trp. Gly His Asp Phe Arg. Ser Ser Phe Arg Met Leu Gly Ser Leu Lys. 640 645 
650 655 ACA. GCG CTC CCA TTG GTT. CCA GTC ATT GCA CTC. TCC GCT ACT GCA AGC. 
2196Thr Ala Leu Pro Leu Val Pro Val He Ala Leu Ser Ala Thr Ala Ser 660 665 670 TCT TCC 
ATC CGG GAA GAC ATT ATA AGC. TGC TTA AAC CTG AAA. GAC CCT 2244Ser Ser. He Arg 
Glu Asp He. He Ser Cys Leu Asn. Leu Lys Asp Pro 675. 680 685 CAG ATC ACC. TGC ACT GGA 
TTT GAT. CGG CCA AAT CTG TAC. TTA GAA GTT 2292Gln. He Thr Cys Thr Gly. Phe Asp Arg 
Pro Asn. Leu Tyr Leu Glu Val. 690 695 700 GGA CGG. AAA ACA GGG AAC ATC. CTT CAG 
GAT CTA AAG CCG TTT CTC GTC 2340Gly Arg Lys Thr Gly Asn He Leu Gin Asp Leu Lys Pro 
Phe Leu Val 705 710 715 CGA AAG GCA AGT TCT GCC TGG GAA TTT GAA. GGT CCA ACC 
ATC ATC. TAT 2388Arg Lys Ala. Ser Ser Ala Trp Glu. Phe Glu Gly Pro Thr. He He Tyr 720 725. 
730 735 TGT CCT TCG. AGA AAA ATG ACA GAA. CAA GTT ACT GCT GAA. CTT GGG AAA 
2436Cys. Pro Ser Arg Lys Met Thr Glu Gin Val Thr. Ala Glu Leu Gly Lys. 740 745 750 CTG 
AAC. TTA GCC TGC AGA ACA TAC CAC GCT GGC ATG. AAA ATT AGC GAA 2484Leu. Asn 
Leu Ala Cys Arg. Thr Tyr His Ala Gly Met Lys He Ser Glu 755 760 765 AGG AAG GAC GTT CAT 
CAT AGG TTC CTG AGA GAT GAA ATT CAG TGT GT. T 2532Arg Lys Asp Val. His His Arg 
Phe Leu. Arg Asp Glu He Gin. Cys Val 770 775 780. GTA GCT ACT GTA GCT. TTT GGA ATG 
GGC ATT. AAT AAA GCT GAC ATT. CGC 2580Val Ala Thr. Val Ala Phe Gly Met. Gly He Asn 
Lys Ala. Asp He Arg 785 790. 795 CAA GTT ATT CAT. TAT GGT GCG CCT AAG. GAA ATG 



GAA TCC TAT. TAC CAG 2628Gln Val. He His Tyr Gly Ala. Pro Lys Glu Met Glu. Ser Tyr Tyr Gin 
800. 805 810 815 GAA ATT. GGT AGA GOT GGC CGG GAT GGA CTT CAG AGT TCC TGT 
CAC TTG 2676Glu He Gly Arg Ala Gly Arg Asp Gly Leu Gin Ser Ser Cys H. is Leu 820 825 830 
CTC. TGG GCT CCA GCA GAC. TTT AAC ACA TCC AGG. AAT CTC CTT ATT GAG. 2724Leu 
Trp Ala Pro. Ala Asp Phe Asn Thr. Ser Arg Asn Leu Leu. He Glu 835 840 845. ATT CAC GAT 
GAA AAG. TTC CGG TTA TAT AAA. TTA AAG ATG ATG GTA. AAG 2772Ile His Asp. Glu Lys 
Phe Arg Leu. Tyr Lys Leu Lys Met Met Val Lys 850 855. 860 ATG GAA AAA TAC. CTT CAC 
TCC AGT CAG. TGT AGG CGA CGA ATC. ATC TTG 2820Met Glu. Lys Tyr Leu His Ser Ser Gin 
Cys Arg Arg Arg lie He Leu 865 870 875 TCC CAT TTT GAG GAC AAA TGT CTG CAG AAG 
GCC TCC. TTG GAC ATT ATG 2868Ser. His Phe Glu Asp Lys. Cys Leu Gin Lys Ala. Ser Leu 
Asp He Met. 880 885 890 895 GGA. ACT GAA AAA TGC TGT. GAT AAT TGC AGG CCC. AGG 
CTG AAT CAT TGC. 2916Gly Thr Glu Lys. Cys Cys Asp Asn Cys. Arg Pro Arg Leu Asn. His Cys 
900 905 910. CTT ACT GCT AAC AAC. TCA GAG GAC GCA TCC. CAA GAC TTT GGG CCA 
CAA 2964Leu Thr Ala. Asn Asn Ser Glu Asp. Ala Ser Gin Asp Phe. Gly Pro Gin 915 920. 925 
GCA TTC CAG CTA CTG TCT GCT GTG GAC ATC CTG CAG GAG AAA TTT GGA 3012Ala 
Phe Gin Leu Leu Ser Ala Val Asp He Leu. Gin Glu Lys Phe Gly. 930 935 940 ATT GGG. ATT 
CCG ATC TTA TTT. CTC CGA GGA TCT AAT. TCT CAG CGT CTT 30601le. Gly He Pro He Leu. 
Phe Leu Arg Gly Ser. Asn Ser Gin Arg Leu. 945 950 955 CCT GAT. AAA TAT CGG GGT CAC. 
AGG CTC TTT GGT GCT. GGA AAG GAG CAA 3108Pro. Asp Lys Tyr Arg Gly. His Arg Leu Phe 
Gly. Ala Gly Lys Glu Gin. 960 965 970 975 GCA. GAA AGT TGG TGG AAG. ACT CTT TCT CAC 
CAT CTC ATA GCT GAA GGA 3156Ala Glu Ser Trp Trp Lys Thr Leu Ser His His Leu He Ala Glu 
Gly 980 985 990 TTC TTG GTA GAG GTT CCC AAG. GAA AAC AAA TAT ATA. AAG ACA TGT 
TCC 3204Phe. Leu Val Glu Val Pro. Lys Glu Asn Lys Tyr. He Lys Thr Cys Ser. 995 1000 1005 
CTC ACA. AAA AAG GGT AGA AAG. TGG CTT GGA GAA GCC. AGT TTG CAG TCT 3252Leu. 
Thr Lys Lys Gly Arg. Lys Trp Leu Gly Glu. Ala Ser Leu Gin Ser. 1010 1015 1020 CCT CCG. AGC 
CTT CTC CTT CAA. GCT AAT GAA GAG ATG. TTT CCA AGG AAA 3300Pro. Pro Ser Leu Leu 
Leu Gin Ala Asn Glu Glu Met Phe Pro Arg Lys 1025 1030 1035 GTT CTG CTA CCA AGT TCT 
AAT CCT GTA TCT CCA GA. A ACG ACG CAA CAT 3348Val. Leu Leu Pro Ser Ser. Asn Pro 
Val Ser Pro. Glu Thr Thr Gin His. 1040 1045 1050 1055. TCC TCT AAT CAA AAC. CCA GCT 
GGA TTA ACT. ACC AAG CAG TCT AAT. TTG 3396Ser Ser Asn. Gin Asn Pro Ala Gly. Leu Thr 
Thr Lys Gin. Ser Asn Leu 1060 1065. 1070 GAG AGG ACG CAT. TCT TAC AAA GTG CCT. GAG 
AAA GTT TCT TCT. GGG AGT 3444Glu Arg. Thr His Ser Tyr Lys. Val Pro Glu Lys Val. Ser Ser 
Gly Ser 1075. 1080 1085 AAC ATT CCT AAA AAA AGT GCC GTG ATG CCG TCA CCA GGA 
ACA TCT TCC 3492Asn He Pro Lys Lys Ser Ala Val. Met Pro Ser Pro Gly. Thr Ser Ser 1090 
1095. 1 100 AGC CCC TTA GAA. CCT GCC ATC TCA GCC. CAA GAG CTG GAC GCT. CGG 
ACT 3540Ser Pro. Leu Glu Pro Ala He. Ser Ala Gin Glu Leu. Asp Ala Arg Thr 1 105. 1 1 10 1 1 1 5 
GGG CTA TAT. GCC AGG TTG GTG GAA. GCA AGG CAG AAA CAC. GCT AAT AAG 3588Gly. 
Leu Tyr Ala Arg Leu. Val Glu Ala Arg Gin. Lys His Ala Asn Lys. 1 120 1125 1 130 1 135. ATG GAT 
GTA CCT CCA. GCT ATT TTA GCA GCA. AAC AAG GTT TTG CTG GAC 3636Met Asp Val Pro 
Pro Ala He Leu Ala Ala Asn Lys Val Leu Leu Asp 1 140 1 145 1 150 ATG G. CT AAA ATG AGA 
CCG ACT. ACT GTT GAA AAC ATG. AAA CAG ATC GAC 3684Met. Ala Lys Met Arg Pro. Thr 
Thr Val Glu Asn. Met Lys Gin He Asp. 1155 1160 1165 GGT GTC. TCT GAA GGC AAA GCT. 
GCT CTG TTG GCC CCT. CTG GTG GGA GTC 3732Gly. Val Ser Glu Gly Lys. Ala Ala Leu Leu 
Ala. Pro Leu Val Gly Val. 1 1 70 1 1 75 1 1 80 ATC AAA. CAT TTC TGT CAA GTA. ACT AGT GTT 
CAG ACA. GAC CTC CTT TCC 3780Ile. Lys His Phe Cys Gin. Val Thr Ser Val Gin Thr Asp Leu 
Leu Ser 1 1 85 1 1 90 1 1 95 AGT GCC AAA CCT CAC AAG GAA CAG GAG AAA AGT CAG GAG 
ATG GAA AAG. 3828Ser Ala Lys Pro. His Lys Glu Gin Glu. Lys Ser Gin Glu Met. Glu Lys 1200 
1205 1210. 1215 AAA GAC TGC TCA. CTC CCC CAG TCT GTG. GCC GTC ACA TAC ACT. 
TTA TTC 3876Lys Asp. Cys Ser Leu Pro Gin. Ser Val Ala Val Thr. Tyr Thr Leu Phe 1220. 1225 
1230 CAG GAA AAG. AAA ATG CCC TTA CAC. AGC ATA GCT GAG AAC. AGG CTC CTG 
3924Gln. Glu Lys Lys Met Pro. Leu His Ser He Ala Glu Asn Arg Leu Leu 1235 1240 1245 CCT 
CTC ACA GCA GTC GGC ATG CAC TTA GCC CAG GCG GTG AAA GCC GGC 3972 Pro Leu 
Thr Ala Val Gly Met His Leu Ala. Gin Ala Val Lys Ala. Gly 1250 1255 1260 TGC. CCC CTG GAT 
ATG GAG. CGA GCT GGC CTG ACC. CCA GAG ACT TGG AAG. 4020Cys Pro Leu Asp. Met 



Glu Arg Ala Gly. Leu Thr Pro Glu Thr. Trp Lys 1265 1270 1275. ATT ATT ATG GAT GTC. ATC 
CGA AAC CCT CCC. ATC AAC TCA GAT ATG. TAT 4068Ile lie Met Asp Val He Arg Asn. Pro 
Pro lie Asn Ser. Asp Met Tyr 1280 1285. 1290 1295 AAA GTT AAA. GTC ATC AGA ATG TTA 
GTT CCT GAA AAC ATC GAC ACG TAC 41 16Lys Val Lys Leu lie Arg Met Leu Val Pro Glu Asn 
lie. Asp Thr Tyr 1300 1305. 1310 CTC ATC CAC ATG. GCG ATT GAG ATT CTT. CAG AGT 
GGT TCC GAC. AGC AGA 4164Leu He. His Met Ala He Glu. He Leu Gin Ser Gly. Ser Asp Ser Arg 
1315. 1320 1325 ACC CAG CCT. CCT TGT GAT TCC AGC. AGG AAG AGG CGT TTC. CCC 
AGC TCT 4212Thr. Gin Pro Pro Cys Asp. Ser Ser Arg Lys Arg. Arg Phe Pro Ser Ser. 1330 1335 
1340 GCA GAG. AGT TGT GAG AGC TGT. AAG GAG AGC AAA GAG. GTG GTC ACC GAG 
4260Ala. Glu Ser Cys Glu Ser Cys Lys Glu Ser Lys Glu Val Val Thr Glu 1345 1350 1355 ACC 
AAG GCA TCA TCT TCA GAG TCA. AAG AGA AAA TTA CCT. GAG TGG TTT 4308Thr. Lys 
Ala Ser Ser Ser. Glu Ser Lys Arg Lys. Leu Pro Glu Trp Phe. 1360 1365 1370 1375. GCC AAA 
GGA AAT GTG. CCC TCA GCT GAT ACC. GGC AGC TCA TCA TCA. ATG 4356Ala Lys Gly. 
Asn Val Pro Ser Ala. Asp Thr Gly Ser Ser. Ser Ser Met 1380 1385. 1390 GCC AAG ACC AAA. 
AAG AAA GGT CTC TTT. AGT TAA 4389Ala Lys. Thr Lys Lys Lys Gly. Leu Phe Ser 1395 1400. 
GAT GAC A ACG ATGGAACAGT. TTGTGTGTCC TACATCTTCA TTCCTATAAA G AAT G AAA AG 
4449 AAATATTTTA ACCTCAAAAT TATTTAAAGT CCAAAGTGAA GCTCACCTAA 
ACGTCGAG. CC 4509 ATAGAGTCTT TAATTGCCCG. TTGGCAGTTG AGCTACAGTA. 
TCTGAACCTT CTGAGACCCG. 4569 GAGTGCAGCA TAGACTGTGA. AGTCGGCTTC 
CTTTCCGATT. GCCTTCCGAA CCGGTGCCAC. 4629 TGTCAGGTTG CAGTTTTTCT. 
TTTTTTGCAG CAGTGTGTGT. TGGAAATGGA GGCTGTGTCG. 4689 CTTTGACATA 
TAGAACAGAT. CAATAGTTGC ATAGGGACAG. ATATGAAGAT ACAGCCGGTC. 4749 
TTTGCTTTCT TATGCAGATG. CCTGTATGAC AGT ATC AGT G. CACCAGCCCA 
GCCAGGGAGA. 4809 ATCAGCTTCC ATTTAAAAAG. GGAAAGCGGA CAAGGACTCC 
AGTTACAGAA ACAACTAAAT 4869 TTTATGCATT TTCTGCAGTT TTTATTATTT 
CTCAATCAAA AGTGTTTTTT GTACTGAATA 4929GT. AAATATAC TAAATTTTCA. 
TTTTTTAAAT TGTTGTGAGT. GCCTTCAATA TTT G A AG ATG 4989 CCAATTTTTA 
ATGTTTTTAT GTTTCACAAA GAATTAAAAA ACTGGAAAAA AAAAAAAAAA 
5049AAAAAAAAA 5058[0137]Array number :. The length of 2 arrangement :. Mold of 1401 
arrangement :. Amino acid topology :. Kind of straight-chain-shape arrangement :. Protein origin 
living thing name :. Information besides the feature on mouse arrangement : mouse WRN. helicase 
arrangement: . Met Glu Thr Thr Ser Leu Gin Arg Lys Phe Pro Glu Trp Met Ser 1 5 10 15 Met Gin 
Ser Gin Arg Cys Ala Thr Glu Glu Lys Ala Cys Val Gin Lys20 25 30 Ser Val Leu Glu Asp Asn Leu 
Pro. Phe Leu Glu Phe Pro. Gly Ser He 35 40 45. Val Tyr Ser Tyr Glu. Ala Ser Asp Cys Ser. Phe 
Leu Ser Glu Asp. He 50 55 60 Ser Met. Arg Leu Ser Asp Gly. Asp Val Val Gly Phe. Asp Met Glu 
Trp 65 70. 75 Pro Pro He Tyr Lys. Pro Gly Lys Arg Ser. Arg Val Ala Val He. Gin 80 85 90 95Leu 
Cys. Val Ser Glu Asn Lys. Cys Tyr Leu Phe His. He Ser Ser Met 100. 105 110 Ser Val Phe. Pro 
Gin Gly Leu Lys Met Leu Leu Glu Asn Lys Ser He 115 120 125 Lys Lys Ala Gly Val Gly He Glu 
Gly Asp Gin. Trp Lys Leu Leu Arg. 130 135 140 Asp Phe. Asp Val Lys Leu Glu. Ser Phe Val Glu 
Leu. Thr Asp Val Ala 145. 150 155 Asn Glu Lys. Leu Lys Cys Ala Glu. Thr Trp Ser Leu Asn. Gly 
Leu Val 160 165. 170 175 Lys His Val. Leu Gly Lys Gin Leu. Leu Lys Asp Lys Ser. He Arg Cys 
180 185. 190 Ser Asn Trp Ser. Asn Phe Pro Leu Thr. Glu Asp Gin Lys Leu. Tyr Ala 195 200 205. 
Ala Thr Asp Ala Tyr. Ala Gly Leu He He. Tyr Gin Lys Leu Gly Asn 210 215 220 Leu Gly Asp Thr 
Val Gin Val Phe Ala Leu Asn Lys Ala Glu Glu Asn 225 230 235 Leu Pr. o Leu Glu Met Lys Lys. 
Gin Leu Asn Leu He. Ser Glu Glu Met 240. 245 250 255 Arg Asp. Leu Ala Asn Arg Phe. Pro Val 
Thr Cys Arg. Asn Leu Glu Thr 260. 265 270 Leu Gin Arg. Val Pro Val He Leu. Lys Ser lie Ser Glu. 
Asn Leu Cys 275 280. 285 Ser Leu Arg Lys. Val He Cys Gly Pro. Thr Asn Thr Glu Thr. Arg Leu 
290 295 300. Lys Pro Gly Ser Ser. Phe Asn Leu Leu Ser. Ser Glu Asp Ser Ala. Ala 305 310 315 
Ala. Gly Glu Lys Glu Lys Gin He Gly Lys His Ser Thr Phe Ala Lys 320 325 330 335 He Lys Glu 
Glu Pro Trp Asp Pro Glu Leu A. sp Ser Leu Val Lys Gin. 340 345 350 Glu Glu. Val Asp Val Phe 
Arg. Asn Gin Val Lys Gin. Glu Lys Gly Glu 355. 360 365 Ser Glu Asn. Glu He Glu Asp Asn. Leu 
Leu Arg Glu Asp. Met Glu Arg 370 375. 380 Thr Cys Val He. Pro Ser He Ser Glu. Asn Glu Leu Gin 
Asp. Leu Glu 385 390 395. Gin Gin Ala Lys Glu. Glu Lys Tyr Asn Asp Val Ser His Gin Leu Ser 
400 405 410 415 Glu His Leu Ser Pro Asn Asp Asp Glu Asn Asp Ser Ser Tyr He He 420 425 430 



Glu Ser Asp Glu Asp Leu Glu. Met Glu Met Leu Lys. Ser Leu Glu Asn 435. 440 445 Leu Asn Ser. 
Asp Met Val Glu Pro. Thr His Ser Lys Trp. Leu Glu Met 450 455. 460 Gly Thr Asn Gly. Cys Leu 
Pro Pro Glu. Glu Glu Asp Gly His. Gly Asn 465 470 475. Glu Ala He Lys Glu. Glu Gin Glu Glu Glu. 
Asp His Leu Leu Pro. Glu 480 485 490 495. Pro Asn Ala Lys Gin. He Asn Cys Leu Lys. Thr Tyr 
Phe Gly His. Ser 500 505 510 Ser Phe Lys Pro Val Gin Trp Lys Val lie His Ser Val Leu Glu Glu 
515 520 525 Arg Arg Asp Asn Val Val Va. I Met Ala Thr Gly Tyr. Gly Lys Ser Leu 530. 535 540 
Cys Phe Gin. Tyr Pro Pro Val Tyr. Thr Gly Lys He Gly. He Val He 545 550. 555 Ser Pro Leu He. 
Ser Leu Met Glu Asp. Gin Val Leu Gin Leu. Glu Leu 560 565 570. 575 Ser Asn Val Pro. Ala Cys 
Leu Leu Gly. Ser Ala Gin Ser Lys. Asn He 580 585 590. Leu Gly Asp Val Lys. Leu Gly Lys Tyr 
Arg. Val lie Tyr He Thr. Pro 595 600 605 Glu. Phe Cys Ser Gly Asn. Leu Asp Leu Leu Gin Lys 
Leu Asp Ser Ser 610 615 620 He Gly He Thr Leu He Ala Val Asp Glu Ala His Cys He Ser Glu 6. 25 
630 635 Trp Gly His. Asp Phe Arg Ser Ser. Phe Arg Met Leu Gly. Ser Leu Lys 640 645. 650 655 
Thr Ala Leu. Pro Leu Val Pro Val. He Ala Leu Ser Ala. Thr Ala Ser 660 665. 670 Ser Ser He Arg. 
Glu Asp He He Ser. Cys Leu Asn Leu Lys. Asp Pro 675 680 685. Gin lie Thr Cys Thr. Gly Phe 
Asp Arg Pro. Asn Leu Tyr Leu Glu. Val 690 695 700 Gly. Arg Lys Thr Gly Asn. lie Leu Gin Asp 
Leu. Lys Pro Phe Leu Val. 705 710 715 Arg Lys Ala Ser Ser Ala Trp Glu Phe Glu Gly Pro Thr He 
He Tyr 720 725 730 735 Cys Pro Ser Arg Lys Met. Thr Glu Gin Val Thr. Ala Glu Leu Gly Lys. 740 
745 750 Leu Asn. Leu Ala Cys Arg Thr. Tyr His Ala Gly Met. Lys He Ser Glu 755. 760 765 Arg 
Lys Asp. Val His His Arg Phe. Leu Arg Asp Glu He. Gin Cys Val 770 775. 780 Val Ala Thr Val. Ala 
Phe Gly Met Gly. He Asn Lys Ala Asp. He Arg 785 790 795. Gin Val He His Tyr. Gly Ala Pro Lys 
Glu Met Glu Ser Tyr Tyr Gin 800 805 810 815 Glu He Gly Arg Ala Gly Arg Asp Gly Leu Gin Ser 
Ser Cys His Leu 820 825 830 Leu Trp Ala Pro Ala Asp Phe. Asn Thr Ser Arg Asn. Leu Leu He 
Glu 835. 840 845 He His Asp. Glu Lys Phe Arg Leu. Tyr Lys Leu Lys Met. Met Val Lys 850 855. 
860 Met Glu Lys Tyr. Leu His Ser Ser Gin. Cys Arg Arg Arg He. He Leu 865 870 875. Ser His Phe 
Glu Asp. Lys Cys Leu Gin Lys. Ala Ser Leu Asp He. Met 880 885 890 895. Gly Thr Glu Lys Cys. 
Cys Asp Asn Cys Arg. Pro Arg Leu Asn His. Cys 900 905 910 Leu Thr Ala Asn Asn Ser Glu Asp 
Ala Ser Gin Asp Phe Gly Pro Gin 915 920 925 Ala Phe Gin Leu Leu Ser aluminum, a Val Asp He 
Leu Gin. Glu Lys Phe Gly 930. 935 940 lie Gly He. Pro He Leu Phe Leu. Arg Gly Ser Asn Ser. Gin 
Arg Leu 945 950. 955 Pro Asp Lys Tyr. Arg Gly His Arg Leu. Phe Gly Ala Gly Lys. Glu Gin 960 
965 970. 975 Ala Glu Ser Trp. Trp Lys Thr Leu Ser. His His Leu He Ala. Glu Gly 980 985 990. Phe 
Leu Val Glu Val. Pro Lys Glu Asn Lys. Tyr He Lys Thr Cys. Ser 995 1000 1005 Leu. Thr Lys Lys 
Gly Arg. Lys Trp Leu Gly Glu Ala Ser Leu Gin Ser 1010 1015 1020 Pro Pro Ser Leu Leu Leu Gin 
Ala Asn Glu Glu Met Phe Pro Arg. Lys 1025 1030 1035 Val. Leu Leu Pro Ser Ser. Asn Pro Val 
Ser Pro. Glu Thr Thr Gin His. 1040 1045 1050 1055. Ser Ser Asn Gin Asn. Pro Ala Gly Leu Thr. 
Thr Lys Gin Ser Asn. Leu 1060 1065 1070 Glu. Arg Thr His Ser Tyr. Lys Val Pro Glu Lys. Val Ser 
Ser Gly Ser. 1075 1080 1085 Asn He. Pro Lys Lys Ser Ala. Val Met Pro Ser Pro. Gly Thr Ser Ser 
1090. 1095 1 100 Ser Pro Leu. Glu Pro Ala He Ser. Ala Gin Glu Leu Asp. Ala Arg Thr 1 105 1 1 10 
1 1 1 5 Gly Leu Tyr Ala Arg Leu Val Glu Ala Arg Gin Lys His Ala Asn Lys 1 1 20 1 1 25 1 1 30 1 . 1 35 
Met Asp Val Pro. Pro Ala He Leu Ala. Ala Asn Lys Val Leu. Leu Asp 1 140 1 145 1 1 50. Met Ala 
Lys Met Arg. Pro Thr Thr Val Glu. Asn Met Lys Gin He. Asp 1 155 1 160 1 165 Gly. Val Ser Glu Gly 
Lys. Ala Ala Leu Leu Ala. Pro Leu Val Gly Val. 1 1 70 1 1 75 1 1 80 He Lys. His Phe Cys Gin Val. Thr 
Ser Val Gin Thr. Asp Leu Leu Ser 1 185. 1 190 1 195 Ser Ala Lys. Pro His Lys Glu Gin. Glu Lys Ser 
Gin Glu Met Glu Lys 1200 1205 1210 1215 Lys Asp Cys Ser Leu Pro Gin Ser Val Ala Val Thr Tyr 
Thr Leu Phe 1220 1225 1230 Gin Glu Lys Lys Met Pro. Leu His Ser He Ala. Glu Asn Arg Leu Leu. 
1235 1240 1245 Pro Leu. Thr Ala Val Gly Met. His Leu Ala Gin Ala. Val Lys Ala Gly 1250. 1255 
1260 Cys Pro Leu. Asp Met Glu Arg Ala. Gly Leu Thr Pro Glu. Thr Trp Lys 1265 1270. 1275 He 
He Met Asp. Val He Arg Asn Pro. Pro He Asn Ser Asp. Met Tyr 1280 1285 1290. 1295 Lys Val Lys 
Leu. He Arg Met Leu Val. Pro Glu Asn He Asp. Thr Tyr 1300 1305 1310 Leu He His Met Ala He 
Glu He Leu Gin Ser Gly Ser Asp Ser Arg 1315 1320 1325 Thr. Gin Pro Pro Cys Asp. Ser Ser Arg 
Lys Arg. Arg Phe Pro Ser Ser. 1330 1335 1340 Ala Glu. Ser Cys Glu Ser Cys. Lys Glu Ser Lys 
Glu. Val Val Thr Glu 1345. 1350 1355 Thr Lys Ala. Ser Ser Ser Glu Ser. Lys Arg Lys Leu Pro. Glu 
Trp Phe 1360 1365. 1370 1375 Ala Lys Gly. Asn Val Pro Ser Ala Asp Thr Gly Ser Ser Ser Ser 
Met 1380 1385 1390 Ala Lys Thr Lys Lys Lys GlyLeu Phe Ser 1395 1 400 [01 3 8] array number: — 
length [ of 3 arrangement ]: — mold [ of 4206 arrangement ]: — number [ of nucleic acid 



chains ]: — double strand topology: — kind [ of straight-chain-shape arrangement ]: — cDNA to 
mRNA origin living thing name: — information: besides the feature of mouse arrangement — 
mouse WRN helicase arrangement ATGGAAACCA : CTTCACTACA GCGGAAATTT. 
CCAGAATGGA TGTCTATGCA. GAGTCAAAGA 60TGTGCTACAG. AAGAAAAGGC 
CTGCGTTCAG. AAGAGTGTTC TTGAAGATAA. TCTCCCATTC 1 20TTAGAATTCC. 
CTGGATCCAT TGTTTACAGT. TATGAAGCTA GTGATTGCTC. CTTCCTGTCT 
1 80GAAGACATTA. GCATGCGTCT GTCTGATGGC. GATGTGGTGG GATTTGACAT. 
GGAATGGCCG 240CCCATATACA. AGCCAGGGAA ACGAAGCAGA GTCGCAGTGA 
TCCAGTTGTG TGTGTCTGAG 300 AACAAATGTT ACTTGTTTCA CATTTCTTCC 
ATGTCAGTTT TCCCCCAGGG A. TTAAAAATG 360TTACTAGAAA. ACAAATCAAT 
TAAGAAGGCA. GGGGTTGGGA TTGAAGGGGA. CCAGTGGAAA 420CTTCTGCGTG. 
ATTTTGACGT CAAGTTGGAG. AGTTTTGTGG AGCTGACGGA. TGTTGCCAAT 
480GAAAAGTTGA. AGTGCGCAGA GACCTGGAGC. CTCAATGGTC TGGTTAAACA. 
CGTCTTAGGG 540AAACAACTTT. TGAAAGACAA GTCCATCCGC. TGCAGCAATT 
GGAGTAATTT. CCCCCTCACT 600G AG G AC C AG A. AACTGTATGC AGCCACTGAT. 
GCCTATGCTG GTCTTATCAT. CTATCAAAAA 660TTAGGAAATT. TGGGTGATAC 
TGTGCAAGTG. TTTGCTCTAA ATAAAGCAGA GGAAAACCTA 720 CCTCTGGAGA 
TGAAGAAACA GTTGAATTTA ATCTCCGAAG AAATGAGGGA TCTAGCCAAT 780CGT. 
TTTCCAG TCACTTGCAG AAATTTGGAA ACTCTCCAGA GGGTTCCTGT AATATTGAAG 840 
AGTATTTCAG AAAATCTCTG TTCATTGAGA AAAGTGATCT. GTGGTCCTAC AAACACTGAG. 
900 ACTAGACTGA AGCCGGGCAG. TAGTTTTAAT TTACTGTCAT. CAGAAGATTC 
AGCTGCTGCT. 960 GGAGAAAAAG AGAAACAGAT. TGGAAAACAT AGTACTTTTG. 
CTAAAATTAA AGAAGAACCA. 1020 TGGGACCCAG AACTTGACAG. TTTAGTGAAG 
CAAGAGGAGG. TTGATGTATT TAGAAATCAA. 1080 GTGAAGCAAG AAAAAGGTGA. 
ATCTGAAAAT GAAATAGAAG. ATAATCTGTT GAGAGAAGAT 1140 ATGGAAAGAA 
CTTGTGTGAT TCCTAGTATT TCAGAAAATG AACTCCAAGA TTTGGAACAG 
1 200CAAGCTAAAG AAGA AAAATA TAATGATGTT TCTCACCAAC TTTCTGAGCA 
TTTATCTCCC 1260 AATGATGATG AGAATGACTC CTCCTATATA ATTGAAAGTG. 
ATGAAGATTT GGAAATGGAG. 1320 ATGCTGAAGT CTTTAGAAAA. CCTAAATAGT 
GACATGGTGG. AACCCACTCA CTCTAAATGG. 1380 TTGGAAATGG GAACCAATGG. 
GTGTCTTCCT CCTGAGGAGG. AAGATGGACA CGGAAATGAA. 1440 GCCATCAAAG 
AGGAGCAGGA. AGAAGAG G AC CATTTATTGC. CGGAACCCAA CGCAAAGCAA. 1500 
ATTAATTGCC TCAAGACCTA. TTTCGGACAC AGCAGTTTTA. AACCGGTTCA GTG GAAAGTC . 
1560 ATCCATTCTG TATTAGAAGA. GAGAAGAGAT AATGTTGTTG. TCATGGCAAC 
TGGATATGGG 1620 AAGAGTCTGT GCTTCCAGTA TCCGCCTGTT TATACAGGCA 
AGATTGGCAT TGTCATTTCA 1 680CCTCTCAT. TT CCTTAATGGA AGACCAAGTC. 
CTCCAGCTTG AGCTATCCAA. TGTTCCAGCC 1 740TGTTTACTTG. GATCTGCACA 
ATCAAAAAAT. ATTCTAGGAG ATGTTAAATT. AGGCAAATAT 1 800AGGGTCATCT. 
ACATAACTCC AGAGTTCTGT. TCTGGTAACT TGGATCTACT. CCAGAAACTT 
1 860GACTCTAGTA. TTGGCATCAC TCTCATTGCT. GTGGATGAGG CTCACTGCAT. 
TTCAGAGTGG 1 920GGCCATGATT. TCAGAAGTTC ATTCAGGATG. CTGGGCTCTC 
TTAAAACAGC. GCTCCCATTG 1 980GTTCCAGTCA. TTGCACTCTC CGCTACTGCA. 
AGCTCTTCCA TCCGGGAAGA. CATTATAAGC 2040 TGCTTAAACC TGAAAGACCC 
TCAGATCACC TGCACTGGAT TTGATCGGCC AAATCTGTAC 21 00TTAGAAGTTG GACGGA. 
AAAC AGGGAACATC CTTCAGGATC. TAAAGCCGTT TCTCGTCCGA. 2160 AAGGCAAGTT 
CTGCCTGGGA. ATTTGAAGGT CCAACCATCA. TCTATTGTCC TTCGAGAAAA. 2220 
ATGACAGAAC AAGTTACTGC. TGAACTTGGG AAACTGAACT. TAGCCTGCAG 
AACATACCAC. 2280 GCTGGCATGA AAATTAGCGA. AAGGAAGGAC GTTCATCATA. 
GGTTCCTGAG AGATGAAATT. 2340 CAGTGTGTTG TAGCTACTGT. AGCTTTTGGA 
ATGGGCATTA. ATAAAGCTGA CATTCGCCAA. 2400 GTTATTCATT ATGGTGCGCC. 
TAAGGAAATG GAATCCTATT. ACCAGGAAAT TGGTAGAGCT 2460 GGCCGGGATG 
GACTTCAGAG TTCCTGTCAC TTGCTCTGGG CTCCAGCAGA CTTTAACACA 2520 
TCCAGGAATC TCCTTATTGA GATT. CACGAT GAAAAGTTCC GGTTATATAA. ATTAAAGATG 
2580ATGGTAAAGA. TGGAAAAATA CCTTCACTCC. AGTCAGTGTA GGCGACGAAT. 



CATCTTGTCC 2640CATTTTGAGG. ACAAATGTCT GCAGAAGGCC. TCCTTGGACA 
TTATGGGAAC. TGAAAAATGC 2700TGTGATAATT. GCAGGCCCAG GCTGAATCAT. 
TGCCTTACTG CTAACAACTC. AGAGGACGCA 2760TCCCAAGACT. TTGGGCCACA 
AGCATTCCAG. CTACTGTCTG CTGTGGACAT. CCTGCAGGAG 2820AAATTTGGAA. 
TTGGGATTCC GATCTTATTT. CTCCGAGGAT CTAATTCTCA. GCGTCTTCCT 2880 
GATAAATATC GGGGTCACAG GCTCTTTGGT GCTGGAAAGG AGCAAGCAGA AAGTTGGTGG 
2940 AAGACTCTTT CTCACCATCT CATAGCTGAA GG. ATTCTTGG TAGAGGTTCC. 
CAAGGAAAAC 3000AAATATATAA. AGACATGTTC CCTCACAAAA. AAGGGTAGAA 
AGTGGCTTGG. AGAAGCCAGT 3060TTGCAGTCTC. CTCCGAGCCT TCTCCTTCAA. 
GCTAATGAAG AGATGTTTCC. AAGGAAAGTT 31 20CTGCTACCAA. GTTCTAATCC 
TGTATCTCCA. GAAACGACGC AACATTCCTC. TAATCAAAAC 31 80CCAGCTGGAT. 
TAACTACCAA GCAGTCTAAT. TTGGAGAGGA CGCATTCTTA CAAAGTGCCT 
3240GAGAAAGTTT. CTTCTGGGAG TAACATTCCT. AAAAAAAGTG CCGTGATGCC. 
GTCACCAGGA 3300ACATCTTCCA. GCCCCTTAGA ACCTGCCATC TCAGCCCAAG 
AGCTGGACGC TCGGACTGGG 3360 CTATATGCCA GGTTGGTGGA AGCAAGGCAG 
AAACACGCTA ATAAGATGGA TGTACCTCCA. 3420 GCTATTTTAG CAGCAAACAA. 
GGTTTTGCTG GACATGGCTA. AAATGAGACC GACTACTGTT. 3480 GAAAACATGA 
AACAGATCGA CGGTGTCTCT GAAGGCAAAG. CTGCTCTGTT GGCCCCTCTG. 3540 
GTGGGAGTCA TCAAACATTT. CTGTCAAGTA ACTAGTGTTC. AGACAGACCT CCTTTCCAGT. 
3600 GCCAAACCTC ACAAGGAACA GGAGAAAAGT CAGGAGATGG. AAAAGAAAGA 
CTGCTCACTC. 3660 CCCCAGTCTG TGGCCGTCAC. ATACACTTTA TTCCAGGAAA. 
AGAAAATGCC CTTACACAGC. 3720 ATAGCTGAGA ACAGGCTCCT. GCCTCTCACA 
GCAGTCGGCA TGCACTTAGC CCAGGCGGTG 3780 AAAGCCGGCT GCCCCCTGGA 
TATGGAGCGA GCTGGCCTGA CCCCAGAGA. C TTGGAAGATT 3840ATTATGGATG. 
TCATCCGAAA CCCTCCCATC. AACTCAGATA TGTATAAAGT. TAAACTCATC 
3900AGAATGTTAG. TTCCTGAAAA CATCGACACG. TACCTCATCC ACATGGCGAT. 
TGAGATTCTT 3960CAGAGTGGTT. CCGACAGCAG AACCCAGCCT. CCTTGTGATT 
CCAGCAGGAA. GAGGCGTTTC 4020CCCAGCTCTG. CAGAGAGTTG TGAGAGCTGT. 
AAGGAGAGCA AAGAGGTGGT. CACCGAGACC 4080AAGGCATCAT. CTTCAGAGTC 
AAAGAGAAAA. TTACCTGAGT GGTTTGCCAA AGGAAATGTG 4140 CCCTCAGCTG 
ATACCGGCAG CTCATCATCA ATGGCCAAGA CCAAAAAGAA AGGTCTCTTT 4200AGTTAA 
4206[01 39]array number — length [ of 4 arrangement ]: — mold [ of 24 arrangement ]: — 
number [ of nucleic acid chains ]: — single strand topology: — nucleic acid (synthetic DNA) 
besides kind: of straight-chain-shape arrangement 

Arrangement: CGCCAGGGTT TTCCCAGTCA CGAC 24[01 40]array number: — length [ of 5 
arrangement ]: — mold [ of 22 arrangement ]: — number [ of nucleic acid chains ]: — single 
strand topology: — nucleic acid (synthetic DNA) besides kind: of straight-chain-shape 
arrangement 

Arrangement: TCACACAGGA AACAGCTATG AC 22[0141]array number — length [ of 6 
arrangement ]: — mold [ of 1 9 arrangement ]: — number [ of nucleic acid chains ]: — single 
strand topology: — nucleic acid (synthetic DNA) besides kind: of straight-chain-shape 
arrangement 

Arrangement: GATTTAGGTG ACACTATAG 1 9[01 42]array number: — length [ of 7 
arrangement ]: — mold [ of 20 arrangement ]: — number [ of nucleic acid chains ]: — single 
strand topology: — nucleic acid (synthetic DNA) besides kind: of straight-chain-shape 
arrangement 

Arrangement: TAATACGACT CACTATAGGG 20[01 43]array number: — length [ of 8 
arrangement ]: — mold [ of 22 arrangement ]: — number [ of nucleic acid chains ]: — single 
strand topology: — nucleic acid (synthetic DNA) besides kind: of straight-chain-shape 
arrangement 

Arrangement: ACCGCTTGGG ATAAGTGCAT GC 22[0144]array number: — length [ of 9 
arrangement ]: — mold [ of 24 arrangement ]: — number [ of nucleic acid chains ]: — single 
strand topology: — nucleic acid (synthetic DNA) besides kind: of straight-chain-shape 
arrangement 



Arrangement: GCATTAATAA AGCTGACATT CGCC 24[0145]array number: — length [ of 10 
arrangement ]: — mold [ of 27 arrangement ]: — number [ of nucleic acid chains ]: — single 
strand topology: — nucleic acid (synthetic DNA) besides kind: of straight-chain-shape 
arrangement 

Arrangement: GCTGGAATGC TTGTGGCCCA AAGTCTT 27[0146]array number: — length [ of 

1 1 arrangement ]: — mold [ of 28 arrangement ]: — number [ of nucleic acid chains ]: — single 
strand topology: — nucleic acid (synthetic DNA) besides kind: of straight-chain-shape 
arrangement 

Arrangement: TGAAGTCCAT TCCCGGCCAG CTCTACCG28[0H7]array number — length [ of 

12 arrangement ]: — mold [ of 30 arrangement ]: — number [ of nucleic acid chains ]: — single 
strand topology: — nucleic acid (synthetic DNA) besides kind: of straight-chain-shape 
arrangement 

Arrangement: TCTCCAGCAG CAGCTGATCT TCTGATGACA 30[0148]array number: — length 
[ of 13 arrangement ]: — mold [ of 27 arrangement ]: - — number [ of nucleic acid chains ]: — 
single strand topology: — nucleic acid (synthetic DNA) besides kind: of straight-chain-shape 
arrangement 

Arrangement: TGGACGCTCG GACTGGGCTA TATGCCA 27[0149]array number: — length [ of 
14 arrangement ]: — mold [ of 26 arrangement ]: — number [ of nucleic acid chains ]: — single 
strand topology: — nucleic acid (synthetic DNA) besides kind: of straight-chain-shape 
arrangement 

Arrangement: AGCTGCTCTG TTGGCCCCTC TGGTGG 26[0150]array number: — length [ of 15 
arrangement ]: — mold [ of 27 arrangement ]: — number [ of nucleic acid chains ]: — single 
strand topology: — nucleic acid (synthetic DNA) besides kind: of straight-chain-shape 
arrangement 

Arrangement: CCATCCTAAT ACGACTCACT ATAGGGC 27[01 51]array number: — length [ of 
1 6 arrangement ]: — mold [ of 23 arrangement ]: — number [ of nucleic acid chains ]: — single 
strand topology: — nucleic acid (synthetic DNA) besides kind: of straight-chain-shape 
arrangement 

Arrangement: ACTCACTATA GGGCTCGAGC GGC 23[0152]array number: — length [ of 17 
arrangement ]: — mold [ of 1404 arrangement ]: — number [ of nucleic acid chains ]: — double 
strand topology: — kind [ of straight-chain-shape arrangement ]: — cDNA to mRNA origin living 
thing name: — information: besides the feature of mouse arrangement — mouse WRN helicase 
arrangement GCATTAATAA : AGCTGACATT CGCCAAGTTA. TTCATTATGG TGCGCCTAAG. 
GAAATGGAAT 60CCTATTACCA. GGAAATTGGT AGAGCTGGCC. GGGATGGACT 
TCAGAGTTCC. TGTCACTTGC 1 20TCTGGGCTCC. AGCAGACTTT AACACATCCA. 
GGAATCTCCT TATTGAGATT. CACGATGAAA 1 80AGTTCCGGTT. ATATAAATTA 
AAGATGATGG. TAAAGATGGA AAAATACCTT. CACTCCAGTC 240AGTGTAGGCG. 
ACGAATCATC TTGTCCCATT TTGAGGACAA ATGTCTGCAG AAGGCCTCCT 300 
TGGACATTAT GGGAACTGAA AAATGCTGTG ATAATTGCAG GCCCAGGCTG. AATCATTGCC 
360TTACTGCTAA. CAACTCAGAG GACGCATCCC. AAGACTTTGG GCCACAAGCA. 
TTCCAGCTAC 420TGTCTGCTGT. GGACATCCTG CAGGAGAAAT. TTGGAATTGG 
GATTCCGATC. TTATTTCTCC 480GAGGATCTAA. TTCTCAGCGT CTTCCTGATA. 
AATATCGGGG TCACAGGCTC. TTTGGTGCTG 540 G AAAG G AGC A. AGCAGAAAGT 
TGGTGGAAGA. CTCTTTCTCA CCATCTCATA. GCTGAAGGAT 600TCTTGGTAGA. 
GGTTCCCAAG GAAAACAAAT. ATATAAAGAC ATGTTCCCTC. ACAAAAAAGG 
660GTAGAAAGTG. GCTTGGAGAA GCCAGTTTGC. AGTCTCCTCC GAGCCTTCTC 
CTTCAAGCTA 720 ATGAAGAGAT GTTTCCAAGG AAAGTTCTGC TACCAAGTTC 
TAATCCTGTA TCTCCAGAAA 780CG. ACGCAACA TTCCTCTAAT. CAAAACCCAG 
CTGGATTAAC. TACCAAGCAG TCTAATTTGG. 840 AGAGGACGCA TTCTTACAAA. 
GTGCCTGAGA AAGTTTCTTC, TGGGAGTAAC ATTCCTAAAA. 900 AAAGTGCCGT 
GATGCCGTCA. CCAGGAACAT CTTCCAGCCC. CTTAGAACCT GCCATCTCAG. 960 
CCCAAGAGCT GGACGCTCGG. ACTGGGCTAT ATGCCAGGTT. GGTGGAAGCA 
AGGCAGAAAC. 1020 ACGCTAATAA GATGGATGTA. CCTCCAGCTA TTTTAGCAGC. 
AAACAAGGTT TTGCTGGACA. 1080 TGGCTAAAAT GAGACCGACT. ACTGTTGAAA 



ACATGAAACA. GATCGACGGT GTCTCTGAAG 1140 GCAAAGCTGC TCTGTTGGCC 
CCTCTGGTGG GAGTCATCAA ACATTTCTGT CAAGTAACTA 1 200GTGTTCAGAC AGA. 
CCTCCTT TCCAGTGCCA AACCTCACAA GGAACAGGAG AAAAGTCAGG 1260 
AGATGGAAAA GAAAGACTGC TCACTCCCCC AGTCTGTGGC CGTCACATAC. ACTTTATTCC 
1 320 AGGAAAAGAA AATGCCCTTA CACAGCATAG CTGAGAACAG GCTCCTGCCT 
CTCACAGCAG 1380 TCGGCATGCA CTTATCCCAA GCGG 1404[0153]array number: — length 
[ of 18 arrangement ]: — mold [ of 1781 arrangement ]: — number [ of nucleic acid chains ]: — 
double strand topology: — kind [ of straight-chain-shape arrangement ]: — cDNA to mRNA 
origin living thing name: — information: besides the feature of mouse arrangement — mouse 
WRN helicase arrangement TCTAAATAAA : GCAGAGGAAA ACCTACCTCT. GGAGATGAAG 
AAACAGTTGA. ATTTAATCTC 60CGAAGAAATG. AGGGATCTAG CCAATCGTTT. 
TCCAGTCACT TGCAGAAATT. TGGAAACTCT 1 20CCAGAGGGTT. CCTGTAATAT 
TGAAGAGTAT. TTCAGAAAAT CTCTGTTCAT. TGAGAAAAGT 1 80GATCTGTGGT. 
CCTACAAACA CTGAGACTAG. ACTGAAGCCG GGCAGTAGTT. TTAATTTACT 
240GTCATCAGAA. GATTCAGCTG CTGCTGGAGA AAAAGAGAAA CAGATTGGAA 
AACATAGTAC 300 TTTTGCTAAA ATTAAAGAAG AACCATGGGA CCCAGAACTT 
GACAGTTTAG. TGAAGCAAGA 360GGAGGTTGAT. GTATTTAGAA ATCAAGTGAA. 
GCAAGAAAAA GGTGAATCTG. AAAATGAAAT 420AGAAGATAAT. CTGTTGAGAG 
AAGATATGGA. AAGAACTTGT GTGATTCCTA. GTATTTCAGA 480AAATGAACTC. 
CAAGATTTGG AACAGCAAGC. TAAAGAAGAA AAATATAATG. ATGTTTCTCA 
540CCAACTTTCT. GAGCATTTAT CTCCCAATGA. TGATGAGAAT GACTCCTCCT. 
ATATAATTGA 600AAGTGATGAA. GATTTGGAAA TGGAGATGCT. GAAGTCTTTA 
GAAAAC CT A A. ATAGTGACAT 660GGTGGAACCC. ACTCACTCTA AATGGTTGGA 
AATGGGAACC AATGGGTGTC TTCCTCCTGA 720 GGAGGAAGAT GGACACGGAA 
ATGAAGCCAT CAAAGAGGAG CAGGAAGAAG AGGACCATTT 780AT. TGCCGGAA 
CCCAACGCAA. AGCAAATTAA TTGCCTCAAG. ACCTATTTCG GACACAGCAG. 840 
TTTTAAACCG GTTCAGTGGA. AAGTCATCCA TTCTGTATTA. GAAGAGAGAA GAGATAATGT. 
900 TGTTGTCATG GCAACTGGAT. ATGGGAAGAG TCTGTGCTTC. CAGTATCCGC 
CTGTTTATAC. 960 AGGCAAGATT GGCATTGTCA. TTTCACCTCT CATTTCCTTA 
ATGGAAGACC AAGTCCTCCA. 1020 G CTTGAGCT A TCCAATGTTC. CAGCCTGTTT 
ACTTGGATCT. GCACAATCAA AAAATATTCT. 1080 AGGAGATGTT AAATTAGGCA. 
AATATAGGGT CATCTACATA. ACTCCAGAGT TCTGTTCTGG 1 140 TAACTTGGAT 
CTACTCCAGA AACTTGACTC TAGTATTGGC ATCACTCTCA TTGCTGTGGA 
1 200TGAGGCTCAC TGC. ATTTCAG AGTGGGGCCA TGATTTCAGA AGTTCATTCA 
GGATGCTGGG 1260 CTCTCTTAAA ACAGCGCTCC CATTGGTTCC AGTCATTGCA 
CTCTCCGCTA CTGCAAGCTC 1 320TTCCATCCGG. GAAGACATTA TAAGCTGCTT. 
AAACCTGAAA GACCCTCAGA. TCACCTGCAC 1 380TGGATTTGAT. CGGCCAAATC 
TGTACTTAGA. AGTTGGACGG AAAACAGGGA. ACATCCTTCA 1 440GGATCTAAAG. 
CCGTTTCTCG TCCGAAAGGC. AAGTTCTGCC TGGGAATTTG. AAGGTCCAAC 
1 500CATCATCTAT. TGTCCTTCGA GAAAAATGAC. AGAACAAGTT ACTGCTGAAC. 
TTGGGAAACT 1560 GAACTTAGGG TGCAGAACAT ACCACGCTGG CATGAAAATT 
AGCGAAAGGA AGGACGTTCA 1620 TCATAGGTTC CTGAGAGATG A. AATTCAGTG 
TGTTGTAGCT. ACTGTAGCTT TTGGAATGGG. 1680 CATTAATAAA GCTGACATTC. 
GCCAAGTTAT TCATTATGGT GCGCCTAAGG AAATGGAATC 1740 CTATTACCAG 
GAAATTGGTA GAGCTGGCCG GGATGGACTT C 1781[0154]array number: — length [ of 19 
arrangement ]: — mold [ of 1 1 64 arrangement ]: — number [ of nucleic acid chains ]: — double 
strand topology: — kind [ of straight-chain-shape arrangement ]: — cDNA tomRNA origin living 
thing name: — information: besides the feature of mouse arrangement — mouse WRN helicase 
arrangement GGCAGGCGCC : AGACCAGAAG TGCACCGAGG. CGCCCGTTGG TATAAAGTTA 
GTAAATGTGA 60GGCCTGTCTC. GATGCCTGGG TCCTGGGCTT. TGGTTCTCAG 
TCCTCCATAA. ATCATCCTGC 1 20TGGAGGAGAA. GACCCTTAGA TCTGGCTCTT. 
CTCAGGGGCA TTTTAAAGAC. AAATGAAAAT 1 80AAAATGGAAA. CCACTTCACT 
ACAGCGGAAA. TTTCCAGAAT GGATGTCTAT. GCAGAGTCAA 240AGATGTGCTA. 
CAGAAGAAAA GGCCTGCGTT CAGAAGAGTG TTCTTGAAGA TAATCTCCCA 300 



TTCTTAGAAT TCCCTGGATC CATTGTTTAC AGTTATGAAG CTAGTGATTG C. TCCTTCCTG 
360TCTGAAGACA. TTAGCATGCG TCTGTCTGAT. GGCGATGTGG TGGGATTTGA. 
CATGGAATGG 420CCGCCCATAT. ACAAGCCAGG GAAACGAAGC. AGAGTCGCAG 
TGATCCAGTT. GTGTGTGTCT 480GAGAACAAAT. GTTACTTGTT TCACATTTCT. 
TCCATGTCAG TTTTCCCCCA. GGGATTAAAA 540ATGTTACTAG. AAAACAAATC 
AATTAAGAAG. GCAGGGGTTG GGATTGAAGG. GGACCAGTGG 600AAACTTCTGC. 
GTGATTTTGA CGTCAAGTTG. GAGAGTTTTG TGGAGCTGAC. GGATGTTGCC 
660AATGAAAAGT. TGAAGTGCGC AGAGACCTGG. AGCCTCAATG GTCTGGTTAA 
ACACGTCTTA 720 GGGAAACAAC TTTTGAAAGA CAAGTCCATC CGCTGCAGCA 
ATTGGAGTAA TTTCCCCCTC 780 ACTGAGGACC AGAAACTGTA TGCAGCCACT 
GATGCCTATG CTGGTCTTAT CATCTATCAA 840AAATTAGGAA ATTTGGGTGA 
TACTGTGCAA GTGTTTGCTC TAAATAAAGC AGAGGAAAAC 900CTACCTCTGG. 
AGATGAAGAA ACAGTTGAAT. TTAATCTCCG AAGAAATGAG. GGATCTAGCC 
960AATCGTTTTC. CAGTCACTTG CAGAAATTTG. GAAACTCTCC AGAGGGTTCC. 
TGTAATATTG 1 020AAGAGTATTT. CAGAAAATCT CTGTTCATTG. AGAAAAGTGA 
TCTGTGGTCC. TACAAACACT 1080 GAGACTAGAC TGAAGCCGGG CAGTAGTTTT 
AATTTACTGT CATCAGAAGA TTCAGCTGCT 1140 GCTGGAGAAA AAGAGAAACA GATT 1 164 
[0155]array number: — length [ of 20 arrangement ]: — mold [ of 1276 arrangement ]: — 
number [ of nucleic acid chains ]: — double strand topology: — kind [ of straight-chain-shape 
arrangement ]: — cDNA to mRNA origin living thing name: — information: besides the feature of 
mouse arrangement — mouse WRN helicase arrangement GCTGCTCTGT : TGGCCCCTCT 
GGTGGGAGTC. ATCAAACATT TCTGTCAAGT. AACTAGTGTT 60CAGACAGACC. 
TCCTTTCGAG TGGCAAACCT. CAGAAGGAAG AGGAGAAAAG. TCAGGAGATG 
1 20GAAAAGAAAG. ACTGCTCACT CCCCCAGTCT. GTGGCCGTCA CATACACTTT. 
ATTCCAGGAA 1 80AAGAAAATGC. CCTTACACAG CATAGCTGAG. AACAGGCTCC 
TGCCTCTCAC. AGCAGTCGGC 240ATGCACTTAG. CCCAGGCGGT GAAAGCCGGC 
TGCCCCCTGG ATATGGAGCG AGCTGGCCTG 300 ACCCCAGAGA CTTGGAAGAT 
TATTATGGAT GTCATCCGAA ACCCTCCCAT. CAACTCAGAT 360ATGTATAAAG. 
TTAAACTCAT GAGAATGTTA. GTTCCTGAAA ACATCGACAC. GTACCTCATC 
420CACATGGCGA. TTGAGATTCT TCAGAGTGGT. TCCGACAGCA GAACCCAGCC. 
TCCTTGTGAT 480TCCAGCAGGA. AGAGGCGTTT CCCCAGCTCT. GCAGAGAGTT 
GTGAGAGCTG. TAAGGAGAGC 540AAAGAGGTGG. TCACCGAGAC CAAGGCATCA. 
TCTTCAGAGT CAAAGAGAAA. ATTACCTGAG 600TGGTTTGCCA. AAGGAAATGT 
GCCCTCAGCT. GATACCGGCA GCTCATCATC. AATGGCCAAG 660ACCAAAAAGA. 
AAGGTCTCTT TAGTTAAGAT. GACAACGATG GAACAGTTTG TGTGTCCTAC 720 
ATCTTCATTC CTATAAAGAA TGAAAAGAAA TATTTTAACC TCAAAATTAT TTAAAGTCCA 
780AA. GTGAAGCT CACCTAAACG. TCGAGCCATA GAGTCTTTAA. TTGCCCGTTG 
GCAGTTGAGC. 840 TACAGTATCT GAACCTTCTG. AGACCCGGAG TGCAGCATAG. 
ACTGTGAAGT CGGCTTCCTT. 900 TCCGATTGCC TTCCGAACCG. GTGCCACTGT 
CAGGTTGCAG. TTTTTCTTTT TTTGCAGCAG. 960 TGTGTGTTGG AAATGGAGGC. 
TGTGTCGCTT TGACATATAG. AACAGATCAA TAGTTGCATA. 1020 GGGACAGATA 
TGAAGATACA. GCCGGTCTTT GCTTTCTTAT. GCAGATGCCT GTATGACAGT. 1080 
ATCAGTGCAC CAGCCCAGCC. AGGGAGAATC AGCTTCCATT. T A AAAAG G G A 
AAGCGGACAA 1140 GGACTCCAGT TACAGAAACA ACTAAATTTT ATGCATTTTC 
TGCAGTTTTT ATTATTTCTC 1 200AATCAAAAGT GTT. TTTTGTA CTGAATAGTA 
AATATACTAA ATTTTCATTT TTTAAAAAAA 1 260AAAAAAAAAA AAAAAA 



[Translation done.] 



